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Anise ( ANN-iss) Anise is a small heib 
with seeds that have a licorice taste. It 
is an annual plant belonging to the 
PARSLEV family. It grows to be two feet 
liigh. The small flowers may be yellow 
or white. The small brown fruit is 
coated with stubby hairs. 

Anise is native to the Mediterranean region 
but t$ also grown in many areas of Europe, 
Asia and South Arnertca One variety, the star 
or Cfunese onije, is a small cveigiccn gimsm 
less vrisfely, mainly in the Far East 

The essential oil (anethole) makes up S5% 
of the seed This is distilled out and used in 
cosmetics and medicinal preparations. Anisette 
is a liqueur made from this herb. h j. c. 

Annealing Annealing is a process of 
heating and cooling, or of cooling 
alone, which makes metals and glass 
harder, stronger and less brittle than 
they would otherwise be. Annealing 
helps to prevent internal stress which 
might later cause damage to the 
material. 
see; steei. 

Annelida (uh-NEL-Iuh-duh) The an- 
nelids are a large group of worms 
which have rings around their bodies, 
dividing them into segments. They are 
long, slender, soft-bodied animals, 
which move by creeping. They live in 


the ocean, in fresh water, or in moist 
ground. The earthworm, the sand- 
worm, and the leech belong to the 
phylum Annelida. 

In many ways, annelids are organ- 
ized like freight trains. A freight train 
is really a long line of connected rail- 
road cars, pulled by an engine. Each 
car is a separate part of the train, car- 
rying its own load. But the cars are 
useless, as freight cars, unless they arc 
connected to one another and to the 
engine. The engine is useless, unless it 
has freight cars to pull. The engine and 
the cars must work together to carry 
freight. Annelids, like trains are made 
up of separate sections. Each ring is a 
separate part of the worm. These sec- 
tions are divided by a thin wall or par- 
tition, just as the cars of the train are 
closed off from one another, by two 
end walls. Annelids have a front and 
a rear end, just as the train has an en- 
gine and a caboose. The head moves 
first and the rest of the body follows. 
When a train goes around a curve, the 
cars are able to turn separately. It is an 
advantage for a worm to have a body 
built in sections, because each section 
can move separately and can perform 
special duties. 
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Th* tandwerm, t«tch and «anhwonn or* tht moil common onnolldt. loch poropotnirm on Ih# lond- 
worm t*rv*i at both a roipirolory and a tocomollvo itroctur*. Th* Utch ui*t both of Jt» ivcltirt for 
locomotion and th* mouth ottochoi to o hott for fooding. Th* •orthworm hot brittUt, or »*fo*. on 
•och Th® bottom onof or® for locomotion end Ih® othort or® ton*® or^ont fo Ih® ®nYrfonfn®Bt 


The Latin word annelluj, means ring. An- 
nelids arc members of a large phylum of 
ringed or segmented worms, which differ in 
size, location and feeding habits. Included 
arc both tiny worms, used as food for pet 
fish, as well as giant earthworms, which live 
in the tropics and grow to clcv’cn feet in 
length. While the tube and sandw'orms live 
in burrows along the €x:can, the earthworms 
live in moist soils all over the world. Bur- 
rowing worms swallow great amounts of sand 
and soil, from which they extract decaying 
plant and animal matter. Parasitic worms, 
like the leeches, feed on blood by attaching 
themselves to the bodies of fish and other 
vertebrates. With their suckers, they are able 
to extract three times their own weight in 
blood, which they store as food for several 
months. 

The body of the annelid is simple in 
structure. There are two tubes, a small, hol- 
low, digestive tube, inserted into a large 
outer tube. The tubes are joined at the 
mouth on the first segment and at the anus 
on the last segment. Between the tubes, 
there is a space called the body cavity or 
coelom, which is filled with a fluid. The 
coelom is divided into compartments by the 
thin partitions between the rings or segments. 
Thus the fluid is confined within the segment. 
Contained in the thick outer tube, are two 
types of muscles. Circular muscles, which go 
around the body, contract to znakc the body 
longer and thinner. Longitndinal muscles, 
which run the length of the body, contract to 
'make it shorter and thicker. The outer tube 
is covered with a cuticle which presets the 
body from drying and allows for exchange 
of gases in respiration. 

Among worms, annelids are unique, since 

•w have paired feet for locomotion. Ex- 
ing from the sides of each segment, are 
fleshy lobes, called parapodia, or tufts 


of bristles, called setae, or both. The feet 
beat like paddles to propel the worm; the 
bristles anchor the body to the ground. 

Simple transportation systems are presenL 
The nervous and circulatory systems nm the 
length of the body. The nervous system 
consists of a dorsal brain and ventral nerve 
cord. The circulatory system is a closed cir- 
cuit of branching blc^ vessels which propel 
the red blood by wave-like 'contractions 
(peristalsis) and prevent back-flow by a sys- 
tem of valves. Excretory funnels, the 
nephridia. in almost each segment, remove 
wastes from the blood and coelomic fluid. 
Rcproductive organs are found in several 
anterior segments. Some spiecies of aimcUds 
hav’c separate males and females; others arc 
hermaphroditic — both male and female in 
one animal. Some annelid eggs hatch into 
larva before they develop into adults. 
Annelids are really advanced worms. Due 
to the presence of segments and appendage^ 
these animals have achieved great control of 
body movements. E. P. i- 

sEE also: animal; amsials, classifica- 
tion of; nemathelmlvthes; platyhel- 
MINTHES 


Annua] Annual is the name given lo 
all plants that complete their life 
(growth cycle) within a single growing 
season. During one season, usually 
spiixig and summer, they grow from a 
seed into a full-sized plant, bloom. 


sear seeds and die. 

Annuals are usually small with soft 
ind branches. Their short life . 

hem from laying down any 
dost plants in a vegetable garden and J 
owering garden plmits are annuals. 

In cultivated plants, the seeds arc pani™ 
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Annual rings 

iaihc spring. In wild plants, the seed remains 
donnant — “asleep" — in the sotl during the 
winter. They sprout and begin to grow when 
spring weather comes. Some annuals gtr* 
minatc in the fall, live througli the winter in 
a vegeiaiisc condition, and bear seeds the 
following spring. Others may complete their 
growth cycle in one growing season in cer- 
tain climates but require two seasons when 
growing in other climates. ’‘Winter wheat," 
grown m the Central Plains of the United 
States, is planted in the fall, and sprouts and 
remains in a vegetative condition under 
winter snows. It bears its seed in sprmg and 
is harvested in early summer. In climates 
having little snow, wheat is a true annual 
and is sown in the spring. 

The length of the life cycle of annuals 
varies Generally it is from two to three 
months. In desert regions, an annual may 
complete its cycle within a period of two to 
four weeks. i. H. s. 

stt also; plant 

Annual rings Annual tings are the 
dark and light colored rings that can 
be seen when a tree is cut through the 
trunk. The age of the tree can be told 
by the rings. A light ring grows each 
spring and a dark one grows each 
summer and fall. Too little sunlight 
and moisture, injury, or age of the tree 
sometimes causes the annual rings to 
vary in width. 

Annual rings are formed by living cells 
just inside the bark of the tree. These cells 
serve as a transportation system from the 
roots to all parts of the plant. Spring cells 
are usually larger than those grown is sum- 
mer, and lighter in appearance. I. it. s. 
SEE also; cambium, phloem, tree, vas- 
cular TISSUES, XYLEM 

Anode The anode is the positive 
ELECTRODE by which an electric cur- 
rent enters a conductor. The conductor 
may be a liquid, a gas or a solid. The 
anode may be a terminal post as in a 
storage battery, a prong as in a radio 
or television tube, or a plate of impure 
copper as in the electrolytic refining 
of copper. 


THINGS TO DO 


now OLD IS A TREEr 



has been cut down in the neighbor- 
hood. 

2 Sand the surface until it is very 
smooth. Brush on clear shellac or 
varnish to bring out the "grain" in 
the wood. 

3 Starting from the center (the first 
year’s growth) count a light and dark 
band as one year. Notice how some 
bands are wider than others. 

4 IThat would cause the wider bands? 
How old was the tree when you were 

started to school? 


The anode may be the positively charged 
copper strip of a wet cell of the plus-electrode 
of a teles ision picture tube. 

The anode is always positively charged, 
and the cathooe is negatively charged. This 
IS why the anode attracts the negatively 
charged wws ry 1} t$ at th^ aso^ 

that the anions give up their electrons and 
become oxidized. I. k. f. 

see also; electrolysis, ionization 
Anopheles sec Malaria, Mosquito 
Antacid An antacid is a chemical sub- 
stance which lessens the amount of 
acid in ibe stomach either by neutraliz- 
ing or by absorbing it. 
see: acids and bases, dicestive system 
Antagonist sec Muscle system 
Antarctic current see Currenis, ocean 


when you 




Antarctica (ant-ARK-tick-uh) Ant- 
arctica is the name of the continent on 
the southernmost part of the earth. It 
is a land of ice and snow surrounded 
by the stormiest seas in the world. The 
temperature is the coldest on earth. 
Antarctica is so large and desolate that 
not all of it has yet been explored. 

Before 1900, people knew little about 
Antarctica except the shape of some of its 
coastline. Captain James Cook, a British 
explorer, first reached the area about 1774. 
Some time later, a Russian named Bellings- 
hausen discovered two islands and the sea 
which bears his name. The long, finger-Iike 
peninsula which extends westward from 
Antarctica was named after the American 
explorer Nathaniel Palmer, who discovered 
it, though he had no idea that Antarctica 
was a continent. In 1823, James Weddell 
found a sea north of Pal/ner Peninsula. It 


is now named for him. It svasn’t until 1840 
that Charles Wilkes identified the area as a 
continent. He had followed the coast for 
about one thousand miles. A year later 
James Clark Ross of Britain discovered the 
famous Ross Ice Shelf. From then until the 
turn of the centuiy, new knowledge concern- 
ing Antarctica was very slight 
In the twentieth century extensive expedi- 
tions have been undertaken to leam more 
about this vast continent. Despite these 
attempts, over a million square miles arc 
yet to tw explored. Ernest Shackleton of 
Great Britain attempted to reach the South 
Pole in 1908-1909 but failed. On December 
14, 1911, ROALD AMUNDSEN was thc first 
man to reach the South Pole. A month later 
on January 18, Robert Scott, an Englishman, 
arrived there. Not until 1928 did a man fly 
over the Pole in an airplane. Hubert 
WUkins did it. In 1929 Admiral richard e. 
BYRD established, off the Bay of Whales on 
the Ross Ice Shelf, an outpost called Little 


Opvratlan 0*«p fraare U a government project for e$tabfi$Mtig military hatet and a power llallen 
In Aniarctkn 
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ANTARCTICA in 

I.G.Y. TRAVERSES, BASES 

b'iivir 
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Th* lun do«t not »hlno for ii( montnt of Iho 
yoor al iho toufh polo 


America. On November 29 of that year he, 
too, flew over the Pole. Byrd has since led 
several expeditions to Antarctica — 1934-35, 
1940, and 1946-47. In 1935 he was sur- 
prised to learn that part of the ice shelf had 
dropped off into the ocean. A group of seven 
men from the U.S, Navy landed at the Pole 
by plane in 1956 and installed radar 
reflectors. Continued exploration is financed 
and encouraged by the National Science 
Foundation and the United States Govern- 
ment’s Operation Deep Freeze for the 
purpose of establishing air bases and building 
an atomic power station at McMurdoo 
Sound. 

One hundred million years ago Antarctica 
was covered with vegetation and had a 
climate similar to that of California. The 
extensive amounts of coal found under- 
ground, as well as the existence of fossilized 
animals, prove this fact. Today, this vast 
ice land ts at least thirty-five degrees colder 
than the North Pole. Some evidence recently 
uncovered shows that parts of the continent 
arc growing warmer and temperatures above 
freezing have been recorded. However, the 
temperature in winter may be as low as 
eighty below zero along the coast and below 
one hundred degrees below zero in the in- 
terior. The strong, driving winds, of fifty to 
one hundred fifty miles an hour are often 
filled with snow and cause blinding blizzards 
While the northern hemisphere enjoys its 
summer, Antarctica is having its cold, dark 
winter because the sun does not shine for 
six months of the year at the South Pole. 
•Though there is sunshine in the summer 
months, the temperature hovers around zero. 
Surprisingly enough the snowfall in Ant- 
arctica is light. At the Pole less than ten 
inches fall a year, and around the coastal 
areas the fall may still be only about twenty- 
five inches. Since the inland temperatures 
are never above freezing, the snow hardly 
melts, and therefore more accumulates each 


year. Kain is complefely unknown. 

Antarctica h somewhat circular in shape. 
Deep bays cut into il$ irregular coastline, 
and on the western side the knphy Palmer 
Peninsula juts far out into the Weddell Sea. 
Actually the whole continent seems to be 
an island surrounded by the turbulent Ant- 
arctic Ocean, which is composed of the 
southernmost pans of the Indian, Atlantic, 
and Pacific oceans. 

Antarctica, the fifth largest continent in 
the world, is 5,300,000 square miles in area. 
It is two-thirds as large as North America. 
The surface of the area is covered by an 
icc cap, averaging several thousand feet in 
thickness. Its surface is around 6,000 feet 
above sea level, but at the Pole its altitude is 
10,500 feet. There are mountains under- 
neath the ice, and peaks rise through the 
ice in some parts, particufarfy along the east 
and west coasts. Only one mountain. Mount 
Erebus, is an active volcano. The interior of 
Antarctica is an unbroken plateau of ice. It 
is believed that it would be a solid land mass 
with many mountains if the ice melted. From 
time to time the masses of ice and snow slide 
down, and this movement pushes the border 
into warmer regions. The ice sometimes 
melts a little and the ocean tears off huge 
chunks, known as floes and icebergs, which 
are very dangerous to ships. The icc shelves 
along the coasts are huge masses of icc that 
extend far out into the water. Some of these 
rise thirty to one hundred feet above the wa- 
ter. The Ross Ice Shelf, four hundred miles 
long, is the largest. 

Little plant life exists in Antarctica. Only 
a few scattered areas have mosses and 
lichens, diatoms, so tiny they can be seen 
only under a microscope, arc food for small 
sea animals which are eaten by the fish. 

There are no living creatures on the land 
except some tiny insects in summer and a 
few birds. These include the penguim, al- 
batross, petrel, and some varieties of gulls. 

Antarctica, through fhe Twelvc-Natioa 
Treaty signed in Washington, D.C, on De- 
cember 1, 1959, is to be a scientific pre- 
serve. The main objectives of the treaty 
are to assure the use of Antarctica for 
peaceful ' and scientific purposes, and to 
continue expeditions started during the 

INTERNATIOVAL GEOPHYSICAL YEAR OF 

1957-1958. ^ 

SEE also: poles, north and south 

Anfares see Scorpms 
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Anteater There are several kinds of 
anteaters. Their main food is termites 
and other small insects. They have 
long, tube-like noses, like a pig’s. A 
long tongue pops out of the snout to 
gather in termites. They also have 
long, sharp claws to help them uncover 
termite nests and fight their enemies. 

Anteaters arc mammals and the babies 
stay close by the mothers until they are old 
enough to live in the dense forest by them- 
selves. Some kinds of anteaters live on the 
ground and have great strength as well as 
sharp claws to help them survive. Other 
smaller ones live in trees and have prehensile 
tails, like a monkey's, so that they can. swing 
from branch to branch looking for food. 
Sticky saliva on the tongue captures the in- 
sects after the anteater has broken into a 
nest. All true anteaters arc from Central 
and South America. m. e. c. 

SEE also: aardvark 


Antelope Antelopes are four-legged 
hairy mammals. They have split hoofs 
and horns. Many of them look like 
deer, but they are more closely related 
to goats and oxen. They vary greatly 
in size. Some are as small as jack rab- 
bits (about 10 inches high) while 
others may stand six feet tall. 

Antelopes’ horns are hollow and do not 
branch out like those of deer These ani- 
mals grow only one pair of horns in a 
lifetime The females of most small ante- 
lopes have no horns. There are also some 
large female antelopes which arc hornless. 

Antelopes are ruminant animals This 
means they have a four-chatnbeied stomach 
All such animals swallow their food without 
chewing it. Later the food is brought up in 
small masses to the mouth again and is 
chewed. The phrase “chewing its cud" re- 
fers to the antelope as well as to cattle 

There arc no true antelopes native to 
North America Most of them are found in 
Africa In the western section of North 
America there is a group of animals who 
have been, named pronghorn antelopes 
Though they resemble antelopes, they belong 
to a different family. Antelopes live in a 
variety of places. They usually travel in 
herds or groups There are many different 
tjpes of antelopes. Some of the best known 
varieties include the lesser gnu, the dik-dik, 
the eland, the impala, the bhckbuck, the 
duikcrbok, and tbe African Icchivc. Man 
uses the flesh and the skm of antelopes as he 
docs that of the deer. c, a. d. 

SEE also: deer family, unculata 
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Malcrials: pan of water, paper toweb, 
coiTee can rini, diilerenllj 
shaped objeeb 

1 Set up pan of wafer with paper toweb 
at one end to absorb wares so that 
they won’t bounce back. 

2 Start small ripples moving with a 
ruler or stick, until regular wars 
are made. 


3 Use a “dbh” type antenna bent from 
the rim of a coffee can. The waves 
will be collected and reflected to a 
point where they are concentrated, 
bigger and easier to notice. 

4 Try other shapes — plain, straight, 
curved the other way — to see which 
reflects and concentrates waves best. 


Anlcnn^ (animal) see Arthropoda 
Antenna (electronic) An antenna is 
the portion of a radio system that 
sends out electrical signals into space 
or receives these signals from space. 
The most familiar types of antennas 
are those found in radio, television, 
and radar transmitters and receivers. 

Antennas differ widely in their size, shape, 
and construction according to the job each 
one is designed to do. Antennas for very 
low frequencies may be as long as a mile or 
as high as one-sixth of a mile, while those 
for high frequencies may be no larger than a 
button. 

The antenna for a radio receiver is the 
simplest of all. Often it is merely an outside 
wire suspended between two posts or trees. 
The antenna for a radio station b usually a 
tall metal tower or a Jong wire. One end of 
the antenna is high in the air while the other 
is connected to the ground. 

A TELEVISION transmitting antenna usu- 
of several short rods attached 
. positions along a high tower, 
i receiving antennas arc of three 
. the straight dipole, the folded 
and the combination straight-folded 

. complicated and involved antennas. 


or aerials, have been developed for the 
radio telescope, navigation aids and military 
systems. i- k. f- 

SEE also: ELECTRICmr, RADAR 

Anterior see Animals, classification of 
Anthracite coal see Coal 
Anthropoid ape see Ape, Evolution 
of man, Monkey, Primates 


Anthropology Anthropology tells 
about man and how he grew through 
the ages. It is a long story. It tells about 
the earliest kinds of people and how 
they lived. It also tells many facts about 
animals and how they changed through 
the years. The science includes the 
habits of different people living on the 


earth today. An anthropologist is in- 
terested in the art, language, family 
life, biology, and laws of all people 
since men first came to earth. 

The word anthropology comes from two 
□reek words. Anthropos means •‘mia,»no 
'ogos means ‘‘ordered knowledge.” Th'"* 
’ore, anthwpeJogy is the ordered knowW^ 
)f man. Two main divisions of this 
dee are cultural anthropology and physt^* 
mthropology. According to Ashley MonU- 
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Antibody 


Antinircmft see Missile 

Aniiblottes One of ibc newest ways to 
fight germs is through the use of anti- 
biotics. An antibiotic is a medicine 
made from substances produced by 
tiny microscopic plants or animals. The 
medicine kills germs that are harmful 
to people. 

About 1875, LOUIS pastfur and John 
Tyndall in England noticed that when two 
different kinds of bacteria arc together, one 
kind often kills the other. This situation is 
called antibiosis which means “against life.” 

Little work that was helpful to man was 
done on this observation until 1929 when 
ALEXANDER FLEMING accidentally discovered 
a substance in a growing mold which killed 
pathogenic (disease-producing) bacteria. 
This substance was an antibiotic. He called 
it PENICILLIN. 

Although Fleming reported his discovery, 
it was not until ten years later that the im- 
portance of the substance as a drug was 
realized. At that time, an English doctor 
named Howard Florey and a German doctor 
named Ernst Chain decided to make enough 
penicillin to test on human beings. 

Penicillin had several disadvantages, how- 
ever. It could be obtained only from a mold, 
could not be taken by mouth, and was effec- 
tive against only a few bacteria. So a search 
for an antibiotic with a wider range of ef- 
fectiveness which could be taken by mouth 
was started. 

Since that time about 3500 antibiotics 
have been obtained, but only about 16 have 
proven to be useful. The rest are cither too 


strong lo be used by human beings or they 
are not strong enough lo kill genns. The 
chart below shows some of the more familiar 
antibiotics, some of the diseases they arc 
used apinst, and where they are obtained. 

Antibiotic drugs must be taken with cau- 
tion because sometimes the body will become 
sensitive to them and react against them. 
Also, the pathogenic orpnisms may become 
immune lo the poisonous substance. In this 
case the drug loses its effectiveness, v. B. i. 
SEE also: drugs, pharmacology 

Antibody Whenever harmful germs 
enter the human body, the body tries 
to destroy them. This is done cither 
through the white cells of the blood 
or through the manufacture of a chem- 
ical compound known as an antibody. 

When a person becomes ill from prms 
that have entered his body, the body im- 
mediately summons its defenses. Some 
antibodies help the white corpuscles destroy 
prms. Others make germs stick together to 
prevent their spreading throughout the body. 
Still othen make the toxins, or poisons, in 
the germs harmless. This latter kind of anti- 
body is known as an antitoxin. The sub- 
stances which enter the body and stimulate 
the production of antibodies are called a/rti- 
gens. 

When the body has successfully fought off 
a disease, an immunity is built up against 
that disease, sometimes for a lifetime. How- 
ever, the body is not always successful m 
destroying disease germs. In order to combat 
diseases which are often fatal, scientists have 
developed vaccines which prevent the ron- 
traction of many of these diseases. The first 


ANTIBIOTIC AND 

YEAR INTRODUCED 

ORCANISMS WHICH 

produce it 

1 SOME DISEASES IT HEIPS CURE 

ACHROMYCIN 

1952 

Slreptomycai ipeciei 
{toil fliicrobei) 

Anthrax 

Pneumonia 

Typhut f#v«r 
Whaoolna «»vgh 

AUXEOMYCIN 

1948 

Sireptomyces auraofacltni 

(o toil microbe) 

Diphtheria 

Pneumsnla 

Tvishoict Uyf 

CHLOROMYCETIN 


Oyfenlery 

Menlnoitit _ 










STREPTOMYCIN 

1944 

nRRAMYON 

1950 

3 Slreplomyte* ipeciei 

{toil microbet) 1 

Slreptomycoi rltnotui 1 

(o (Oil micrebe) | 

TubertuloiU 
UnrfulanI fever 
Amebic dyiRoNrY 
Diphtheria 

Infertion* 1 

Rheumofir f***' 1 

TyphoM f*v*E 1 


Anfic} clone 
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Antimony 


person to experiment with such a vaccine 
was an English physician named edward 
JENNER. In 1796 he vaccinated an eight- 
ycaf-old boy with serum talen from a cow* 
pox sore on a milkmaid who had contracted 
a mild form of the disease. The boy did not 
contract cowpox. 

The principle which Dr. Jenncr had dis- 
covered is that when the v-aectne containing 
a poison enters into the blood stream of a 
person, the body immediately envelopes the 
vaccine with antibodies and destroys the poi- 
son. These antibodies remain in the blood to 
establish immunity against future infection 
V. B. I. 

SEE also: allergy 

Anticyclone see High pressure center 

Antidote An antidote is a remedy for 
poisoning. It may remove the poison, 
ncutraliic it, prevent the body from ab- 
sorbing it, or assist the body in elimi- 
nating it quickly. 



Antifreeze Antifreeze is any substance 
which, when added to a liquid, lowers 
the freezing point of that liquid. It is 
commonly uSed in the cooling systems 
of automobiles, airplanes, tractors, and 
refrigerators. 

Antifreeze it added to the cooling liquid 
m the radiator of an internal combuMion I s- 
ct\r. In cold weather it it used alone or with 
water to present the freezing of the cool.ng 
tyttem Al^s n it used to present icing on 
Wading edget of propcllcrt and w ungt of air- 

pbtKX 

The in«t important arufrcczct are neth* 
atKd, «hjWne gbvol, and eth\l alcivhol 
Calcium ckkviJe and chkinit ate 

uved tn refriperatloev 

Drug* and cotacitct are protected frc*m 
freezing during itoeapc bs pvans of f’jwrrf 
and fihxi aWoSol Urss’d name antdreezM 
Kite nwanvroN iPhNuTzt added w. j.a, 
Mt aisot aiccsvw-s 


Antigen see Allergy, Antibody 

Antihistamine sec Allergy 

Antiknock see Ethyl 

Anfimalfcr Atoms of ordinary matter 
contain protons, which arc positively 
charged; neutrons, which arc not 
charged; and electrons, which are neg- 
atively charged. If atoms could be built 
of equivalent particles with opposite 
charges, antimatter would result. 

Scientists has-e shown that anliparticlcs 
such as positrons (positive electrons), anti- 
ncutrons, and antiprotons (nepatnc protons) 
exist and can be created in the laboratory 
Both the particle and us antiparUcle hast 
the same mass WTicn an antipartictc en- 
counters Its particle, they destroy each other 
This process is called aniuhilation In anni- 
hilation, the destruction of matter and anti- 
maUti causes a laipc release of cneigy 
According to the Cinstem equation, the 
energy released equals E = 2 m c* In like 
manner, to create the pair, particle and anti- 
particle, requires an amount of energy alto 
equal to 2 m-c* where m n the mast of the 
particle and antiparticJe pair, c is (he s tlucify 
of tighL 

In 1956, KienUsts Yang and Ijoc (Nohcl 
prize winners) performed some of the first 
cxpcnmenti dirccUng attention toward anti- 
matter. J, )i. D. 

SEE also: NUettAR SCttsCt 

Antimony ( AKT-th moh-nce) Anti- 
mony is one of the elements known as 
3 srmi-mrta! or rrrtaHtuJ. It has some 
of the properties of a metal and some 
of the properties of a nonmetal. Lake 
most metals, it has a high luster or 
shine. UnliVe mcKt metals, it h brittle 
and a poor corxJoaor of clectrseity. It 
does rrot rust or tarr.ivh 

Compounds ei a-iimo^y were 
known in ancirrt times wfien it s»ai 
used to male eyes mivrc hraut.fj 
Dan-'g tlie Miii’.e Ages it was k.*«.>»n 
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Ants Ants are small insects with six 
legs. Like bees, they are social in- 
sects. They dig turinels in the ground 
or in wood where they make their 
homes and store food. A great many 
of them share the same home, food, 
and care of ant eggs and ant larvae. 
A large group of ants living and work- 
ing together is called a colony. 

Most authorities believe that the 
ants form a very large group in the in- 
sect world. They estimate that there 
are between two and five thousand 
species in existence. They also find 
that all these different species arc very 
much alike in their structure and their 
habits. 

Ants are identified by their two-sectioned 
abdomen, their bent antennae, their stinger 


. THINGS TO DO 

. CONSTRUCTING AND STOCKING AN 



located at the tip of the abdomen (in some 
antsl, and their social organization. 

Ants have a more complex social organi- 
zation than any other animals. Experts in 
the United States Department of Agriculture 
report that there may be eight distmet 
castes — or group levels Not all castes are 
in the same individual species, though five 
castes may occur in one species. Each caste 
has Its special tasks. There are not only the 
large workers and the small workers, but in 
certain species there is a well-developed 
caste which does most of the fighting for the 
entire community. This type is called the 
soldier ant 

In a colony of ants there are often thou- 
sands of sterile females who are known as 
the workers. They are “ruled” by one or 
more females known as queens. Most ants 
of both sexes have wings in their early life 
Females lose their wings soon after swarming 
and the raising of the brood. Males keep 
their wings until they have mated with the 


ANT COLONY 

Materials: two sheets of 12" by 18" 
glass, two wooden strips 
1" by 1” by 12”, two 
strips 16", dark paper 

1 Build the ant home according to the 
illustration. Drill a hole in the fop 
piece of wood through which food 
and water may be puL A cotton plug 
in the hole will keep ants inside. Keep 
the top piece moveable for stocking 
the colony. Tape the other edges. 

2 Locate an ant MH. Dig up one square 
foot of soil around it. Place the soil 
and ants on a piece of white cloth. 
Examine the contents until the queen 
is located. The workers will not live 
without the female in the colony. 
Transfer the colony to the new home. 
A newspaper funnel may be used to 
get the ants and soil from the doth 
info the narrow structure. 

3 Coser the glass with dark paper for 
two weeks to encourage the ants to 
make tunnels and rooms close to the 
sides for observation. Ants need 
honey, sugar water, and wet sponge 
plac^ on top of (he soil line. 




queen, but they soon lose their wings and 
their lives after the mating season. 

Because the behavior of ants in their com- 
munity life is so well organized, it has been 
compared to an ideal nation in which every- 
one works for .the good of all. However, it 
cannot be assumed that ants have any high 
degree of intelligence. One writer says that 
most insects arc influenced by light, but he 
insists that they learn nothing. 

Other scientists believe that some ants 
travel only on paths which have been estab- 
lished by other members of the same group. 
The sense of smell keeps them on their 
course. There are certain ants, however, 
which appear to depend upon sight rather 
than smell in reaching their destinations. 



Anti live In larg« group*. Each kind, or ca*re, 
of ant hai Its own work to do 







Winged queen black ant 


The “carpenter ants” of North Amcria 
and Europe are so called because they oftei 
nest in wooden timbers of buildings and 
thereby weaken the structure. Slavery and 
raiding of other ant colonics goes on among 
ants of the “carpenter ant” type. 

An unusual group of ants known as 
“honey ants” obtain sweet juices from 
various kinds of vegetation and they store 
this “honey” in their stomachs. When food 
is needed by a member of the ant colony, the 
“fat” ants regurgitate enough of the sweet 
substance to satisfy the hunger of the other 
ants. It is not uncommon to find honey 
ants so full that they cannot move. 

Strange as some of the tasks which dif- 
ferent groups of ants do may seem, these 
tasks arc all an important and necessary 
part of the colony life. The work of the 
different castes is vital to the colony, d. e. z. 
SEE also: insecta 


Anus see Digestive system 


A few groups of ants arc carnivorous and 
they prey upon other ants and insects for 
their food. Most ants, however, arc vege- 
tarian and cat things like leaves and grass. 
The doryline ants arc tropical in their habi- 
tat, and they never settle down to live in one 
area. They forage for food in large swarms. 



AjiI* da curiauf and Inlafattlag thing* 


Porerine acts feed msects to tl»tf young 
and they are equipped with powerful 
stiseen. One rare type of ant grows fungi 
fof food. These ants are often caCed “mash- 
room growers." Porrddne ants which »e- 
erefe an arid (callrd fennic acid) as a rneans 
ct protrctioQ do net sting with a 


Anvil see Ear 

Aorta see Artery, Circulatory system 
Apatite (AP-puh-tyte) Apatite is a 
mineral composed of calcium fluo- 
phosphate or calcium chlorophosphatc 
or something in between the two. Its 
name is derived from the Greek apoie 
meaning “deception” because It re- 
sembles several other minerals. 

Apatite is brittle and sometimes fluores- 
cent. It is a source of the rucnrttosvs pbnt* 
rieed and is a common minor part of rocli. 
Colorless, brown, green, white, blue, yel^ 
Of violet are the usual coJors of apatite. 
These colors v^ry from transparent to trans- 
lucent 

The mineral comes from some ere seifls. 
occasional rich masses of igneout segrega- 
tions and cryvullized masses in very coarse 
granite. Granular beds of apatite that are 
mined for rfnitzf « use are found ns Pranl 
and the Russun Kola Peninsula V C >*- 
SEE Aivy. aocis 


Oningufon 

Ape Of all the animals, apes are most 
nearly like man. The brain, the nerv- 
ous system, and the blood of apes 
are all quite similar to man’s. The 
CHIMPANZEE, the ORANGUTAN, the GO- 
RILLA and the gibbon are four groups 
of animals which may be called apes. 

The bodies of these animals are usually 
covered with btovm, reddish-brown or black 
hair except for their faces, feet, and hands. 
Their hands have four fingers and a thumb, 
W]hich help them grasp and handle objects 
Since apes have “thumbs" on their feet in- 
stead of big toes, it is easy for them to use 
their feet just as they use their hands. They 
have no tails. 

Though these four animals have a general 
physical resemblance to each other, they 
are in some ways different from each other. 
Some apes use all four limbs in walking, and 
others walk mainly on their hind legs, IjVheti 
Chimpeni** 



C^ritta 



A tompo risen the skeletoni nf mon and ope 
reveali why man ilonds erect whtle hit clete ret- 
ative, the ope, doet not. The bonet at the bock 
of the neck on the ope keep lit head thrwtt ter- 
word ond down 

full grown there is a great difference tn the 
heights and weights of the four groups of 
ajvs. The giMxtn seldom measures more than 
three feel, whereas the gorilla frequently grows 
to a height of nearly su feet Gontlas base 
been known to weigh op to 400 or mote 
pounds when full grown. 

Apes can climb very easily, la their nat- 
ural state roost of them hse in trees. That is 
why they are arboreaj, rocaning “tree-dwell- 
ers." Some apes build nests in the branches 
of trees. These nests are usiaJly rude of 
leases, twigs, and smaD branches. Apes 
prefer fruits and vegetables for food although 
they also eat eggs, small arumals, nuts and 
insects. Apes can be found in Sontheait 
Asia, the East Indies, Domeo. Sasutra. 
Cemral and West Africa, 

Apes are gregarious animals, dweCmg in 
family groups rather than aloar. They art 
referr^ to as oirVopo/d/, rattnirg “Lie 
roan" or “resembL-sg man." C a. O 

stt also: vtostre. rmtarts. ucrirTtr* 


Rp»t grower* ore famniar with (he domoge the tiny aphids 


do to the delicate 




Aphid The aphid is a small insect 
which attacks plants. It sucks juices 
from the tender cells of plant parts. 
Such plants as corn, oats, wheat, roses, 
and other bushes, plus vines and fruit 
trees are its common sources of food. 

It has a plump body and a small 
head with a sharp, sucking beak. A 
few aphids have wings but most of 
them, including females, are wingless. 
Green, black or white are their usual 
colors. For protection it spreads a 
white, wavy secretion over its body. 

While the aphid eats, it exudes sweet 
droplets called “honcydew” through the 
anus, located near the tip of its abdomen. 
ANTS in particular are extremely fond of 
this liquid and sometimes maintain whole 
colonies of aphids to be assured of a sup- 
p/y o/ a. If ibis bon&ydffn' k tiot gsihercd 
by ants, it appears as dew on the plant 
leaves. Occasionally bees will gather it 
when there is little pollen, but because it 
thins and sours quicJcIy, an inferior honey 
is made from it. 

An aphid does not live Jong, but so many 
generations arc bom in just one summer 
that this insect’s chances of dying out are 
slim. The mating time is in the fall when 
the eggs are placed in protected parts of 
plants, such as between layers of bark 
of trees. The following spring the eggs 
hatch. These aphids are all females and 
within three to four days produce other 
aphids from eggs within their bodies, AU 


during the feeding season succeeding gen- 
erations arc bora. In the fall the last groups 
include males. 

The destructive force of these insects is 
extremely great. The leaves of plants will 
curl up or drop off; CALL-like swellings will 
appear on the roots and bark whenever an 
aphid inhabits a plant. Fortunately, the insect 
lias many enemies: the spider and the lady- 
bug plus the lace wing fly, syrphus fly, and 
the greatest of all enemies, the chalcid fly 
which is itself a parasite. Beside these are 
the sprays which are effective in controUfng 
the aphid. D. E. Z. 

sre also; /NsecTA 
Apiculture see Bees 
Apogee The orbit of any natural or 
man-made satellite is never per- 
fectly circular, nor is the Earth exact- 
ly at the center of the orbit. Tlie 
point in the revolution of a satellite 
at which it is farthest from Earth k 
called the apogee. 
see: perigee 

Apoplexy Apoplexy is the condition 
in which one loses consciousness, sen- 
sation or ability to move because a 
Wood vessel in the brain has broken 
or become stopped up. 
see: TffROMBOsrs 

Appalachian Mts. see North America 
Appendages see Animals, classifica* 
tion of; Artbropoda 


Appendix . - (o9fetr i23 

Appendix The appendix^TF^^^ 
like sac attached near thc.be^tining ' 
of the large intestine.' It is l egate d in 
the lower right hand side of the ab- jj 
DOMEN. The portion of the large in- ^ 
testine below its connection with the ■ 
small intestine is called the caecum. ‘ 
There is an opening in the caecum 
which ends in an extension — the ap* 
pendix. It may be from one to six 
inches in length. As far as is known, 
the appendix serves no useful function 
in the human body, but is a remainder 
of a useful caecum in ancestral forms. 

of the appendix (appendi- 
citis) may cause severe and someiimes fatal 
illness, inflammation may result from in- 
fection within the appendix and may arise 
when bacteria collect and multiply Infection 
in the appendix usually results in swelling 
which often maVes U impossible for the 
materials inside to be emptied. Continued 
swelling, complicated by trapped toxic 
materials may cause the appendix lo burst. 

The spread of the infection to the lining of 
the abdominal walls causes peritonitis. This 
can be fatal. Inflammation of (he appendix 
may also be caused by the lodging of foreign 
bodies such ax stones, seeds, pins or other 
materials within the appendix. c a. d. 
set ALSO, digestive SYSTEM 




Apple Apples arc a valuable fruit. 
They can be grown almost anywhere 
in ihc world, and they provide impor- 
tant minerals and vitamins for the 
human diet. 

When (he first settlers came to 
America, they brought apple trees 
with them to plant in the new world. 
Today the Uniled States grows more 
apples than any other country. 

The apple is m genus Afafui of the rose 
family The tree grows to about 40 feet The 
fragrant pnV and white apple blossoms appear 
late Cl spring The flower has three circles 
of stamens and five carpels in the ovary When 



fertiliTcd. It dcs clops into an «vewor> /oui. 
The endocarp is papei-liVe and contains the 
seeds The red of t.he fniit watt ss fWiy but 
h within the core of the apple The fleshy 
rtvrr<*rfe mates up (Ac rujix porfu'o of the 
ediWe frua, Mod apple trees are giown by 
htJJ/ng 

Over e^ apple tissue is water and 

sugar. It possesses sery little prreein aisd csen 
less fat During tSe npenmg pecs.'Tss The 
Mairt rxilmiles are changed to augar and 
null: acid, whjch gnes iSe sewir uste. becrvics 
Vt". The TTcalmess c< agpfcs txxsirs when ihe 
gsemnSj -uf erfh beetme se<L 0) yean*, 
apple pjw caa be chtsgrd lo cadrr Jusd tin 
losrsegar. H. j g. 

trt ALsii, I at IT, raoescsraiH 


Apricol 

Apricot An apricot is a golden fruit 
which grows on a tree that gardeners 
have raised for hundreds of years. 

An apricot tree is very beautiful, 
with dark green, heart-shaped leaves 
and white or pink blossoms. Early in 
the spring, the small branches of the 
tree are cut away so that the large 
strong branches can get more sun and 
food from the roots in order to pro- 
duce much good fruit. 

The apricot was first cultivated in Man- 
churia and Northern China. It was brought 
to Europe in the time of Alexander the 
Great, about 2300 years ago. Modem vari- 
eties of apricot trees growing in North China 
live through winters of 40° below zero. 

Most of the apricots sold in the United 
States come from California North American 
varieties grown in the U.S need mild weather 
and considerable ram. 

The apricot belongs in genus Prunia of the 
Rose family, with the peach, plum, cherry and 
almond. The llowtrs appear m spring before 
tile leases. After being pollinated by insects, 
they deselop into a fruit called a t/mpe. The 
exocaip is sthety at first, then becomes 
smooth. The fleshy mesocarp ts jcllow. The 
cndocarp is a flat, smooth stone with a single 
seed rich in oil. R. c. B. 




Aquarium An aquarium is a glass 
house for plants and animals that live 
in water. This glass house may be a 
large jar or a round bowl. It may have 
flat glass sides with metal edge and a 
glass top. About two inches of well- 
washed sand or gravel is placed on the 
bottom of the aquarium. Marbles or 
clean rocks can also be used. Witef 
plants are needed in the aquarium. 
They not only arc decoration but they 
give food and orygen to the other 
living things in the water. An aquat- 
ium may also mean a building m 
which tanks of frah of salt 
animals arc kept, 

Tbcrt are two Lirfe froup* cf w»ter a"*' 
caU that Lve ia a fcorntf rr 
One group h caited "c/jM 
They are fotdrah, udr<4n. 
water utwcti fwesit in ttrtint a.*-J 

be lepi hrrween ?5* an,i TJ* 


Aquarium 
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Aqueous humor 



A fypleal oqwaflifm hof iw.flronieol oppenfut W aerof, oi)d «iUwJ fh* waUt Umptrotun TH« Jlphl 
•nabUi »h« planU to entry on photo«yr(»ho«t» pnd provMo oirygen for tho fi»h 


The other group is raadc up of “warm wa- 
ter" animals, including all tropical fish. Some 
of these are guppies, platys, letras, zebras, 
swordtails, mallies and angel fish. These fish 
like their water temperature between 72 
and 80“ Fahrenheit. 

Some aquatic plants survive well when 
submerged in water. The most common am 
the nbbon-hke grasses, Vallisneria and Sag- 
ittaria. These may be used in cither cold Ct 
wann water tanks. Other desirable water 
plants are Hygraphta, Ludwiga, Elodea, and 
Cabomba. These plants must be weighted 
down with lead ribbons or stones to remain 
in a stationary and vertical position. Floating 
plants such as the Salvinia (fern) or Lemda 
(duckweed) are used in many toniaincrs. 
Goldfish especially like to feed on Lemna. 
Plants furnish the oxygen needed by the 
fish and in turn use the carbon dioxide givea 
off by the fish as a raw material lor photo- 
SYNTittsis. Plants also serve as hiding places 
for baby fish. 

Cold water animals need mote space and 
surface area than tropical fish. A general 
role is to keep an inch of fish to a gallon of 
water. This margia safety may be reduced 
if mechanical aeration is used 


The water for an aquarium should b« 
free of chlorine and other chemicals addet 
in wafer filtration Allowing the water fc 
stand for one day will let these chemicah 
dissipate In some areas the water shoult 
be checked to see what amounts of acid oi 
alkali arc present. A special water softener o 
baking soda {Vt teaspoon to 10 gals o 
water) may be used for overly acid water 
After this settling period, the fish may b< 
added. A few snails may be included to ac 
as scavengers in keeping the aquarium clear 
Temperature is an important factor to ; 
plant and animal life tank. The larger th 
tank the less rapid is the cooling of water 
especially if thermostatically controlled heat 
ers are not used and room temperatun 
changes radically within a 24 hour period 
M. E. C 

SEE also; PlAJirTS, AQVAUlVUi nOPtCAi 
FISH 

Aquaricis sec Wafer Bearer 
Aquatic life see Marine biolosy 
Aqncdoc! sec Bridges, Irrigatioci 
Aqueous humor see Eye 
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Aquila (uh'KWIL-uh) Aquila means 
“eagle.” It is the name of a group of 
stars that seem to form a picture of an 
eagle in the sky, Aquila is a summer 
CONSTELLATION. It Can be seen from 
spring to autumn, but it is most easily 
located in summer. It lies in and 
around the Milky Way. 

The four main stars of this constellatioi^ 
form the shape of a T. Jf modem astronch. 
mers were naming this constellation, they 
probably would call it an airplane. But 
many years ago it was compared to an eagle 
by the people of several different nations. 
The Hebrews, the Greeks, the Romans, and 
the Arabs all thought it looked like an 
eagle. 

Altair, the brightest star in the constella- 
tion, is at the cross-point. It is one of the 
twenty brightest stars in the sky With two 
other very bright stars, Vega and Deneb, Al- 
tair forms a large triangle known as the 
Summer Triangle. 

Altair is a bluish star and it has a smaller 
star on each side of it. This hne of three stars 
makes (he Eagle a fairly easy constellation 
to find in the summer. c. L. K. 

Arachnida (uh-RAK-nid*uh) Arach- 
nids are a class of animals. Their 
bodies are made up of two parts and 
they have four pairs of jointed legs. 
Spiders, mites, ticks and scorpions be- 
long to the arachnid class. They are 
different from insects because they 
have no wings or feelers (antennae). 

Arachnids, as a rule, have claws, 
poison glands, and fangs or stingers. 
The SPIDER differs from other arach- 


J 26 Arachnii 

nids in its abilily lo secrete a fiui 
from which it spins a web. 

The most common homes of aracj 
nids arc In warm dry regions, but sora 
varieties may be found in almost a' 
climates. Some live in fresh water, 

Afost arschnidt arc harmless creatures 
Some help man by destroying harmful in 
sects. Other varieties are dama^ng to ani 
mals and plants. These include the blacl 
widow spider, whose bite can be harmfu: 
to man. scorpion stings arc also painful. 
Some kinds of ticks and mites are disease 
carriers. Other mites do damage to plants 
by sucking their juices. 

The arachnid’s body has an outer skefe- 
ton—ejcoskeleion~on the abdomen and on 
the combined head and thorax. The exo- 
skeleton is made up of chitinous tissue 
which serves as an attachment for the 
complex muscular system. 

Internal body structure of arachnids fol- 
lows the general pattern of other animals. 
The digestive system is made up of three 
parts which resemble infestincs of other ani- 
mals. The circulatory system includes a 
tubular heart. Some varieties breathe by 
means of tracheal tubes. Other have one or 
more pairs of book luttgs (parallel 
pockets) which receive air from a slit in the 
body wall. 

Arachnids have a brain and central nerv- 
ous system. Touch is their most highly de- 
veloped sense. Sensory hairs for touch may 
be found on all parts of the body. Arach- 
nids have simple rather than compound eyes. 
Scorpions have as many as ten pairs of eyes. 

The sense of smell is poorly developed. 
Hearing abibty has not been determined. 
However, some arachnids have sound-nw - 
ing. devices. This would indicate that they 
are able to hear. 
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THINGS TO DO 

KEEPING ARACHNIDS AS PETS 

Materials: Ds o cake paos, fioe wire 
mesh, plaster oi Paris, 
branching sticks 

Construct a cage by putting fl cylinder 
of fine wire mesh npright in a cake pan 
of wet piaster of Paris. Aiiow it to 
harden. Use the other cake pan as a 
removeabie cover. Insert several sticks 
for spiders to attach their webs. 

In the grass of open fieids and under 
logs or rocks, many species of arach* 
nids may be found. Capture them in 
a jar to transport back to their new 
home. In the Call the egg cases of spi- 
ders may also be collected. 

Arachnids need water daily hut may 
go for weeks without food. Keep a wet 
sponge in the cage and occasionally 
drop in live, sofl-bodied insects or 
me^-worms for food. 

Arachnids are fascinating animals to 
observe. They will live and repro- 
duce in captivity. 



Reproduction of arachnids is by means 
of eggs. The female arachnid lays a great 
many eggs at. once. Some varieties, includ- 
ing spiders, form an egg sac to protect their 
young until after they are hatched. 

Arachnids have been classed by scientists 
into sixteen different orders, five of which 
arc extinct. The name “arachnid*' is from a 
Greek word arachne which means “spider.” 

I. H. s. 

SEE AESO; MtTHROPOOA 

Arboretum An arboretum is a garden 
of trees and shrubs. It is divided into 
sections lor ffiSerent lamTTies ol trees 
and other plants. Flowering trees may 
be in one section, nut groves in an- 
other, and evergreens in still another. 
T^c purposes of such a garden are to 
give scientists a place to try out new 
ideas and to give nature lovers a place 
where they can sec a great many vari- 
eties of trees and shrubs at once. 


The idea of arboretums is not new. As 
far back as 2800 B.C. arboretums flourished 
in some Easlcm countries. However, it was 
not until the middle of the eighteenth cen- 
tury that influential men gave money for the 
development of such gardens. Some of these 
were in France, London, England, and 
Japan. The first arboretum in the United 
States was the Linnaean Botanical Garden 
started in 1793, and its influence on future 
arboretums was very great In America, 
three of the most famous ones today are the 
Arnold Arboretum in Boston, Massachu- 
setts; the Morton Arboretum in Dewners 
Grove, Illinois; and the National Arboretum 
in Washington, D.C. 

All arboretums are not alike. Some have 
a lepfcsentation of all the trpes and shrubs 
common to that region. Others have only 
certain types of trees, hfost arboretums arc 
arranged so that all the members of one 
plant family grow in one section and those 
of another species grow in the next section. 
New and rare plants are also raised, and 
various experiments are made with different 
kinds of soiL In one respect all arboretums 
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arc alike, for they pasi on the in/ormation 
they have learned to other arborclums and 
to scientists. 

The values of such a garden arc many. 
They include growing a complete collection 
of one set of plants, testing and introducing 
new plants, providing a hboratory for bora* 
nists, helping schools, conserving the plant 
life of the region, training gardeners, and 
giving information to other institutions and 
agencies. D. E. z. 



Arborvitae (AHR-ber-VY-tee) Ar- 
borvitae is the name given to some 
kinds of cone-bearing trees and shrubs 
belonging to the cypress and cedar 
family. They have flat branches with 
small overlapping leaves, resin 
glands similar to oil glands of the 
skin are located on the leaves. The 
twigs are covered with tiny scales. 
Cones are always small, seldom grow- 
ing to more than one-half inch long. 

Arborvitae resemble cypress trees. They 
grow mainly in north temperate regions. The 
northern white cedar, a variety of arbor- 
vitae found in the New England and lake 
states, does not grow to a large size. The 
western red cedar, in contrast, is a giant 
arborvitae. Its native habitat is the forests 
of Washington and Oregon. It often grows 
to a height of two hundred feet with a trunk 
diameter of from four to six feet. 

The wood of arborvitae is light, soft, and 
fragrant. It is resistant to decay and is used 
for the manufacture of shingles and fence 
posts. The giant arborvitae is used Itj the 
•jction of boat hulls. The fibers of 
bark arc used for weaving mats and 
-♦« I. w. s. 


Arc When an c/ccfr/caJ current flows 
from one electrode lo another elec- 
trode by jumping across an air gap, 
an arc is created in that small air 
space. The electrode may be a wire or 
any material which can carry a cur- 
rent. 

Three common properties of electric arcs 
arc: 1) they reach very high temperatures 
(thousands of degrees centigrade in some 
applications); 2) (hey concentrate a high 
heat energy; 3 ) they usually produce a bril- 
liant light. Electric arcs have applications 
where extremes of heat and light arc re- 
quired. 

Arc furnaces arc used jn foundries and 
steel mills to melt mcial. The arc furnace is 
employed for melting smaller batches than 
other type furnaces normally melt The 
electrical current is passed from an electrode 
through an arc to the metal being melted. 
The metal acts as the other electrode and 
completes the electrical circuit. 

Arc lamps, or carbon arc lampi as they 
are normally called, usually consist of 
pure carbon electrodes which, when pro^rly 
adjusted, give off an intensely bright li^t. 
Sometimes the arc is in a gas or vapor which 
also becomes illuminated and adds still 
further to the brightness. Carbon electrodes 
have a very high resistance to current flow, 
but once the current docs start by touching 
the electrodes together, the resistance de- 
creases rapidly. Current limiting controls 
must be provided for carbon arc applica- 
tions. As light is produced from the are, the 
carbon electrodes are slowly burned away. 

In order to maintain maximum brightness, 
the width of the gap must be adjusted 
constantly, either by hand or by an auttv 
matic device. Lamps of this type arc used 
in movie projectors, searchlights and 
blueprint machines. 


An aPACtrie aft praducai vary high famparolvrai 
uiaful in welding 
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Arc welding « a welding process where 
the highly concentrated heat of the electric 
arc is used to melt and join metals, Electric 
arc welding can be accomplished by four 
different methods: 

1) Carbon eJecirodf arc — two carbon 
electrodes at a slight angle to one another 
preside an arc to melt the joint. A filler 
meral can be added. 2 ) Afetal arc — the most 
common form of welding consists of a 
metal rod used as one electrode, and the 
metal to be welded serving as the other. 
The rod is covered with a special coating to 
prevent slag from forming. 3) Submerged 
metal arc — the arc is buried in a mound of 
granular fusible material. This is used for 
large, heavy welds. 4) Inert gas-meial arc — 
a stream of inert gas (argon or helium) sur- 
rounds the metal arc to shield against the 
formation of impurities and spatter. This is 
a fast, high-quality weld. t. I. d. 

Archaeopteryx (ark-ee-OPP-tuh-ricks) 
The archaeopteryx is one of the oldest 
animals known to have wings. It lived 
in the age of the dinosaurs about 125 
million years ago. 

The name means “ancient wing,” for the 
animal is considered the forerunner of the 
modem birds, although it had many reptile- 
hke features. Skeleton and feather fossils 
found in rock show the archaeopteryx to 
have been about the size of a crow, with a 
long tail and perching feet. The head was 
flat w-itjj large eyes and teeth instead of a 
beak. The bird was able to flap its wings 
and glide from the tree top but probably 
was not capable of long flight. A. P. M. 
see; geologic time table 


R^coritlruction of on orchaoopttryx 




Archeology (ark-ee-OHL-oh-gee) Ar- 
cheology is the study of ancient times 
by means of the tools and other objects 
left behind by early man. The arche- 
ologist searches for man-made objects 
[artifacts), such as arrowheads and 
pottery jars, and tries to figure out 
how and when they were used. In the 
Americas archeologists study the cul- 
ture of Indians who lived before the 
arrival of Columbus, In other parts of 
the world they search for buried cities 
or caves and campfires of the first men 
on earth. 

Spear heads, axes, knives, scrapen, jars, 
ornaments, household utensils, furniture. 
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foundations of houses, temples, niins of a 
village burying ground, carvings on cave 
walls, and the bones and shells around a 
campfire can tell something about the people 
who made and used them. Some of these 
are found accidentally when people plow 
fields, build roads, or dig pits. Other dis- 
coveries are based on careful exploration. 

Artifacts arc best preserved in desert sand, 
in dry cold, in continuously frozen soil, and 
in peat bogs. Dry sand has preserved for 
more than four thousand years all the 
treasures, even linen cloth, in the Egyptian 
tombs. Meat of the extinct mammoth found 
in the ice was edible after more than ten 
thousand years of refrigeration. 

It is the task of the archeologist to super- 
vise the careful excavation of these finds. 
Sand and soil, in many cases, must be re- 
moved gently, by hand, so that none of the 
objects will be disturbed and so that their 
exact positions may be recorded. The second 
step— accurately cataloguing, describing, il- 
lustrating, and photographing — is a most 
important one. These are the clues needed 
to make comparisons and to reconstruct the 
history of the men who lived so long ago. 
Many objects need special treatment to pre- 
serve them. Archeolopsts also have been 
engaged in the restoration of ancient temples 
and palaces. 


Archeology traces the history of anciMt 
tribes of men through the tools they 
Slone Age men used stones, flint, and me 
bones of animals to make axes, arrowheads, 
needles, spears and harpoons. Polished 
stone implements have been found ^ong 
with other objects that indicate New Stcrae 
Age man had begun to cultivate crops, raise 
animals, and make pottery. The pcopc o 
the Bronze and Iron Ages had learned to 
mold metals. , ^ 

The spears and scrapers of the Amcn^ 
Indian are named from their stepc and toe 
location of the early finds. 
are fluted spear heads found near Fols^ 
New Mexico. At Sandia ^ve near Alb« 
querque, spear points and the ^nes 
extinct Ice Age animals 
around two fire pits. An ancient kind P<» 
corn was found in another cave. 

In the 19th century, excavauons 
Pompeii and Herculaneum m miy “ 
Sd these cities that had been 
seventeen hundred y«xs after the e^_ 
of Mount Vesuvius in 79 A-D-Jb « 
coverics opened up the cxcit g 

of Pompeii has laid a *^gngl«h- 
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James Breasted, were among the many who 
uncovered the ancient tombs and temples of 
Egypt. The deciphering of the Rosetta Stone 
by Jean*Francois Champollion gave scholars 
the key to hieroglyphic inscription — the writ- 
ing of long-lost languages. E. H. Thompson 
discovered the sacred well of a Mayan city 
in the jungles of Yucatan, Heinrich Schlic- 
mann found nine cities of Troy, each one 
built above the ruins of another. 

Many ways have been devised to deter- 
mine the age of artifacts. The nine cities of 
Troy illustrate the principle of super-posi- 
tion, Those on top arc the youngest, or 
newest, and the lower layers arc the oldest. 
Rocks are found in layers, or strata, and 
annual layers of pebbles and sediment arc 
deposited in lakes. By this system of stra- 
tigraphy, man-made objects arc dated accord- 
ing to the layers in which they arc found. 

Finding bones of animals known to have 
existed only during the Ice Ages helped de- 
termine when the Folsom and Sandia weap- 
ons were used. Calendars have been made by 
analyzing pollen grains preserved in peat 
bogs and by matching growth rings of trees. 


Th« ancient Sacetfa Slen» bora Inscriptions in 
Crvolc and Egyptian. II was dtstovored in t799 
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Dr. Willard Libby discovered it was pos- 
sible to determine how long ago bits of 
charcoal or bone had been burned in a 
campfire by measuring the amount of car- 
bon- 14 (C**) still remaining in the samples 
A mammoth tusk from Sandia Cave dates 
back 26,000 years This O* process dates 
some com pods taken from the cave to be 
about 5,000 years old 

Samples taken from the walls and floors 
of burned buildings can be dated by measur- 
ing the direction of the magnetic particles in 
the matenal. The heat of fight given off by 
reheated lava rocks compared with the 
amount of radioactivity will sometimes give 
the age of the rocks. The amount of water 
absorbed by obsidian, a glassy stone used 
by the Indians, will tell the age of the 
scrapers. Ancient Grecian glass has befn 
dated by counting the crusted rings formed 
on the surface. 

Archeology is related to and dependent on 
history, anthropology (the study of man), 
PALEONTOLOGY (study ot ancient forms of 
life), paleobotany (study of ancient plant 
life), GEOLOGY (study of the earth's crust) 
and other sciences which reconstruct the 
way man lived in earlier times 

Archeological expeditions arc organized 
and financed by governments, museums, uni- 
versities and foundations. The construction 
of large dams and highways threatens the 
loss of many areas rich in ancient artifacts. 
A cooperative effort is under way to pre- 
serve some of the Egyptian temples. In the 
United States, federal and state highway 
projects employ archeologists to aid in the 
recovery of Indian remains. 

New discoveries are being made in a!) 
parts of the world. These are described in 
geographic, archeological, and sdenL" 
magazines. A. r. M. 

SEE also; PAIEOVTOLOCY, STOVE ACE 
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Archeozoic Era (ahr*kcc*uh*ZOII* 
ick) Arclicozolc Era is the name given 
to the period in t!ic earth’s history to 
which the oldest rocks belong. It is 
thought that some form of plant life 
was present at that time. 

The lava rocks and sediments from the 
Archeozoic Era, dating from two to one bil- 
lion years ago, arc found all over the world — 
in Canada, northern Europe, Australia, 
Africa, and in North and South America. 
Dating from radioactive minerals has shown 
rocks of this age to be at the base of or 
eroded on the surface of the Adirondacks, 
Colorado Rocky Mountains and Black Hills, 
and in the Grand Canyon. The presence of 
gold and silver has increased the search for 
Archaean (the very oldest) rock. 

No fossils have been found in these rocks, 
but some formations in the limestone are 
believed to be evidence of some kind of sea 
plant The presence of graphite, or lead, 
has been suggested as another clue to the 
existence of plant life in this era. 

Geologists distinguish two kinds of ancient 
rock formations — the upper sedimentary 
Timisfcaming rocks, and the lower, or Kec- 
watin, greenstone rocks. The lower rocks 
sometimes have a peculiar "pillow” shape 
caused by lava dropping into water. These 
arc deformed and changed (metamor- 
phosed) so that the original composition is 
not known. Granites, gneisses and schists 
are found in this group. 

During this era, the oldest mountains in 
North America, the Laurentians in Canada, 
were formed. 

The Archeozoic Era is followed by the 
PROTEROZOIC ERA. Thcsc arc the two divi- 
sions of the Cryptozoic (hidden life) Era 
and arc often designated as subdivisions of 
Pre-Cambrian time. A. p. M. 

SEE also: geologic time table, rocks 

Archimedes (2877-212 B.C.) (Are- 
kih-ME-deez) Archimedes was a 
Greek scientist and mathematician. 
He is famous for his work in geometry, 
physics and mechanics. 

He discovered a principle, known today 
as Archimedef principle, which states that a 
solid object when immersed in a liquid is 
buoyed up by a force equal to the weight of 
the displaced liquid. It is said that Ar- 


THINGS TO DO 

rRINCIM.E: A.N OBJFCT IN A 
l.tqtJID K ULOYED UP BY A 
FORCE FQIMI. TO THE WEIGHT 
OF THE LIQUID IT DISPLACES 



Weigh a rock with a spring scalfc 
Put it in a jar of wafer. One cubic 
foot of fresh wafer weighs about 
623 pounds. How mneh does the 
rock weigh now? What is the buoy- 
ant force on the rock? 


chimedes discovered this principle in a mo^ 
unusual way. The king of Syracuse suspected 
his goldsmith of dishonestly mixing silwr 
with the gold for the royal crown He com- 
manded Archimedes to discover whether tfic 
crown was of pure gold. Archimedes pon- 
dered how he could measure the gold m me 
crown without actually melting it dovm. inc 
answer came to him as he 
into the tub at one of the public baths m 
Syracuse. He noticed that ^ 
of water spilled over the sid« of the Jub. 
Excitedly he realized that he had 
ihe way to fulfill the kings command He 
'calizcd that the apparent loss , 

m object immersed m water must 

to .dght of th. t 

>bjec1. Why not use the same principle w 
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^ things to do 


PniNCIPLEs DECREASING 
DISPLACEMENT WILL DECREASE 
THE BVOYAXr FORCE. AIR ftlAV 
BE COMPBISSED BUT WATER CAN 
BE COMPRESSED ONLY SLIGHTLY 



1 Turn a sma)] bottle upside down in a 
large bottle of water. Eush down on 
the cork of the big bottle. 


2 Water forces the air inside the in- 
verted floating bottle to become com- 
pressed. The volume of water dis- 
s placed b)' the bottle is decreased. The 
buoyant force is decreased and the 
bottle goes to the bottom. When (he 
cork is lifted the opposite occurs. The 
bottle rises to (he surface. 

mersed in water would weigh more than one 
of the same volume containing sils cr The ex- 
periment was earned out and the goldsnaith 
was found guilty. He was quickly executed. 

Archimedes was the inventor of some of 
the most devastating machines of war known 
to his age. The siege of Syracuse by the 
Romans lasted three years chiefly because 
of the genius of Archimedes. Archimedes 
met an untimely death when Syracuse was 
finally captured by the Romans, d. it. J. 

Archipelago (ark-eh-PELL-uh-go) 
An archipelago is either a body of 
water containing many islands or the 
islands in such a body of water. For 
example, the Aleutian Islands west of 
Alaska form an archipelago. 

Arctic (ARK-tick) The Arctic is an 
area which includes a sea, many is- 
lands, and the northern parts of 


Alaska, Siberia and Canada. It lies 
around the North Pole, some of it with- 
in the Arctic Circle and some not. The 
region is treeless. There are mountains 
and plains covered in summer with 
mosses, tiny flowering plants, and 
grasses called tundras, part of the 
land and sea is always ice capped, and 
even ice-free summer ground is frozen 
several feet deep. 

Of the outlying islands near the Arctic 
Circle, only those with mean temperatures of 
not more than 50°F m summer and 32°F m 
winter are called arctic Surface travel is gen- 
erally easier over frozen terrain, during winter, 
but in summer, surface melting makes travel 
difficult Thus modem exploration was begun 
by water. Roald amunosen of Norway first 
discovered a northwest passage (1903-1906). 
James Boss located the magneuc rtorth pole 
in 1831, ROBERT PEARY, reached the geo- 
graphic north pole m 1909. Since then, most 
land masses have been charted, and scientists 
arc now mapping the ocean floor. Others are 
operatmg new sveather stations on driftmg icc 
islands to study the arctic weather. 

Small salt lakes open up during summer in 
the Arctic Ocean In August, 1958, the U S 
nuclear submarine Skate surfaced rune times 
in such Jakes During wmter, even these salt 
lakes may freeze; but in March, 1959, the 
Skate broke through the ice cap at the North 
Pole. 

The Arctic has special importance because 
many great circle sircrall rovtes cross it. if 
IS militarily vital because the United States’ 


Th* Arctic Zan* Inctudai Iht narlharn llpi of 
ihrea conlinant* plus many Ittandi 
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Distant Early Warning system (DEW line) 
has a series of aircraft and missile detectors 
across the Canadian and Alaskan Arctic. 

Aictic waters are rich in crabs, jellyfish 
and plankton, so fishes, seals and hales are 
abundant. The land yields valuable minerals 
including uranium ores. E. R. B. 

SEE also: earth, poles, IVTERNATIO.NAL 
GEOGRAPHICAL YEAR: GLACIERS 

Arctunis see Bootes 
Area Area is the measurement, in 
square units, of the amount of sur- 
face included within given boundary 
lines. 

see: geometry, measurexiej^t 
Argon Argon is a colorless, odorless, 
rather rare gas found in the atmos- 
phere. It makes up almost 1 % of the 
air breathed. It is chemically inactive, 
so it docs not form compounds with 
other elements. Us chief use is in the 
manufacture of electric light bulbs. 

When an element combines with oxygen a 
chemical change takes place called oxidation. 
WTien a metal oxidizes it is in reality burning 
IIowesTf, for a metal to oxidize it must have 
ox j gen with which to combine. Alio, when 
metals are heated they become chemically 
more setise. Therefore a tungstev fila- 
ment in an clectnc light bulb would deterio- 
rate rapidly if any ox)gen were present 
Argon, because it will not combine with 
tungsten, is an excellent pi to use in the 
ins^ ci an clectnc light bulb 

The eiistmoe of argon was luspected 
around 1875. but it s*as not until 18^-1 that 
two rnjlibh locntisis, Sir Wil!.jm Ramsay 
and lord Rjsleirh, iNolated tt 5a Wi!!ia.*n 
rarsfd t^te eVment jj/jxw* (from Greek 

wbK-h means “Uzy" t* "fcSe'‘> be- 

Cioye is was cher-jcaUT uuKSJ*e. 

Argce fijT^vl A) n element Buer.htr JS 

If Kti an iV-Yi*: wtig^* ja v-tS (3'^ W4. 

O - ItJ. r K- »• 

S4(Atv> *to»e. ttiMi'rs 



Argonaut An argonaut is an eight- 
armed salt-water shellfish related to 
the OCTOPUS. It is sometimes called 
paper nautilus. 

see: XfOLLUSCA 

Arid Arid means dry or lacking in 
moisture. Some arid land is desert. 



Aries (AIR-cez) Aries, or The Ram, 
is a co.NSTELLATiON. It is ihc fint sign 
of the ZODIAC. The Ram can be seen 
about midnight from June to Tebru- 
ary. But the best lime to look for it is 
in the autumn. The three main stars of 
this group form a small curve. The 
stars of Aries arc not as bright as some 
of the Stars of other constellations. 

Long ago the Bj by Ionia ns, ibe Ifcbrcwr. 
the PcniiM, and l.he Arabs L'* 

imafl ftoap of iiarx and they »« 

Rim Pan of the Greek myth of 

FVece rxptaini (ihcy thought) how tht Kam 

gr< in LbT Iky. The ling ot 

fwo ion,. Phnxus and IlcRex Their .rejv 

modirt treated t.h«rm badJy hUKury. » r < 

Uit « xorry for die b.^s Lhaf he a om 

• idi ^ ^ 

asd lleCci were to N cafo ram 

pAicn Paece wh.Je ta Pew tVm 
L Ba when they -err da H 

HrCe. bis r'P 

te ..crr..rf « w 

* fhax a da tr^rs a rsc-V ^ ^ 

kc 



AtUlotU wa> a icIenliiT, philasophtr and teather 
tIroUcd around ai ih«y talkod 

Aristotle (AHR-ch-stot-uhl) Aristotle 
was a Greek scientist and teacher. He 
was the first person to study biology 
— the science of life. He collected the 
first library in Europe, and he gath- 
ered together animals for the first zoo. 
These animals were sent to him by 
Alexander the Great’s soldiers. 

Born in Staglra in the remote northeast, 
in Thrace, Anstotle was the son of the court 
physician to the king of Macedonia. His 
father was one of his carfy tutors, giving him 
a sound education in the natural sciences. 

At the age of seventeen he was sent to 
Athens to complete his education at Plato's 
Academy. He studied under the great Plato 
for twenty years and was strongly influenced 
by his thinking, Plato called Aristotle's 
house “the house of the reader" because 
Aristotle had collected a large number of 
parchment scrolls. In fact, his was the first 
library in Europe. Aristotle was interested 
in all areas of knowledge known in his time. 

He was the first biologist. In addition, he 
was the first person to study all forms of life 
with an aim to classifying living creatures 
according to a system. This classification 
has been called his scata natura, a Latin term 
iticaniog “natural scale." 

After the death of Plato, Aristotle was 
invited to tutor Alexander, the fourteen -year- 
old son of the king of Macedonia. This 
relationship lasted only a few years, but 
there seems to be evidence that Alexander 
did not forget his former teacher, who had 
taught him "the an of living." In fact, after 
Alexander had inherited his father's throne 
and had set off on his Asian expedition, he 
ordered several thousands of his men to 


In his “p«ripat*tic'' school, ho and his pupils 


collect rare specimens of animal and pbnl 
life and, together with the observations they 
had made, ship them back to Aristotle. By 
this lime Aristotle had returned to Athens 
and was busily engaged in using these speci- 
mens to organize a great zoological garden 
which Alexander seems-to have designed and 
financed. 

In addition, Aristotle established his 
famous school known as the Peripatetic 
school of philosophy The word penpatfUc 
IS a Greek word meaning to walk around 
And this is exactly what Aristotle and his 
pupils did! Together they strolled along the 
shaded walks of the Lyceum while he talked 
with them It is thought that Aristotle com- 
posed here most of his known works on 
natural science, metaphysics, logic, ethics, 
politics, rhetoric, and poetics. 

In 323 B C , the year of Alexander’s 
death, Aristotle was forced to flee Athens to 
a nearby Macedonian gamson Alexander’s 
death had released a strong surge of anti- 
hfaccdonian feeling which had built up 
during the period of Nfaccdonian leadership, 
and Anstotle was accused of “godlcssness.” 
Exile affected him keenly and he died wilhin 
the year. 

Aristotle's primary interest was to answer 
the qttcsiion, h the good ide for 

man?" He reasoned that if he could observe 
each living thing and make complete records 
of his observations, he would be close to 
understanding life. Ifis observations began 
with marine life and progressed to mam- 
mals. He worked under great handxraps, 
having no books to consult, no sctenUfic 
instruments to use, and no one with whom 
he could discuss his findings. In spite of 
these hardships, Aristotle made cotastless 
contributions to science that later were veri- 
fied. Others are itHl being argued. O H. j. 
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Arithmetic (uh-RITH-muh-tick) 
Arithmetic is a system of concepts 
and processes which man has created 
to determine, to record, and to corn* 
municate ideas of number and number 
relationships. Since it is used to think 
about and to exchange ideas of 
quantity, it functions also as a lan- 
guage and as a means of arriving at 
answers to certain kinds of mathe- 
matical questions. Because the Hindu- 
Arabic system of notation is used 
throughout the civilized world, arith- 
metic concerns itself with the ten digits 
~I, 2, 3. 4, 5, 6, 7, 8, 9, 0— and the 
fundamental operations as applied to 
this system. 

The basic idea underlying arithmetic is 
counting. Counting requires an understand- 
ing of the cardinal (grouping) meaning of 
number, as well as an avr'arencss of the 
ordinal (ordering) meaning of number. 
When symbols such as 2, 5, 7 arc used to 
indicate “how many in all” — like “two,” 
“five,” “sev'cn” — they are being used in 
their cardinal sense. When symbols such as 
2, 5, 7 denote position in a series and con- 
sty the idea of “second," “fifth,” “seventh,” 
they arc used in their ordinal sense. 

The cardinal number “ten" is a property 
common to all groups of things that have 
the same number of elements. The word 
“ten” is not a number but a name for a 
number. The symbol 10 is not a number; it 
stands for a number. Some earlier people 
represented the number “three” as: Egyptbn 
I'l, Greek: y, Chinese Roman III. This 
shows that “three” is only a name for a 
number. 

A ss-stem of potation for numbers is a 
ssstem of ssmbols for writing numbers. A 
sj^tciiJ of numeration is a syatem of number 
names. The Hmdu-Anbtc system of coU- 
tioo h * dfcirrui system (base 10) becau« 
the groupirg of symbols is by tens. It » 
also a porlticnaS system because the pc»i- 
tkM in which a djfst »?T«rs determines iti 
Bumencal value Tbs eumersl 43 stands for 
4 tecs a.nsi 3 ones. The esmbefs 
796 fof 7 X 103 -f 9 X 10 - 6 X 
i whkh is equfvata 700 90 -i- 6. 


Sundarly, 5802 is 5 X 1000 + 8 X 100 
•f 0 X 10 -h 2 X 1. 
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In the Egyptian system of notation, ; 
vertical staff ()) stood for 1, a heel bom 
( n ) for 10, a scroll for 100, a lotus flowci 
for 1000, a pointing finger for 10,000, s 
fish for 100,000 and a man in astonishment 
for 1 ,000,000. This system was decimal but 
not positional. Any symbol could be used as 
many as nine times, but if ten of that particu- 
lar symbol were needed, the Egyptians used 
a new symbol. The number 7 was expressed 
.nnllil! 


Y ; the number 49, 
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The Babylonians had a system employing 
positional notation, but their system was 
not decimal. It was a sexagesimal syS^m 
(base 60) because the grouping of symbols 
w-as by sixties. In the Babylonian system 
of notation, the number 16 »i3“ld ^ 


expressed ^ ^ ^ ; the number 61 «* 
Y Y ( I sixty + I one). Because this fjv 
tern was not decimal, it was imjwsiMe w 
know whether the symbol meant tOor J. 

Thus if is possible for a system of nota- 
tion to be decimal but not positJ-mal. « w 
the case of the Egyptian. ^itional but 
not deeimaJ as in the Babyl^ran. 

Arithmetic deals with three « 

nambers: (I) the counting ^3t“ral) no • 

hers, designated by *' 

(2) the common and 
[piitne rational 

by such symbols as *», !s* -37, ' * 

(3) the posfU»e imtMnai nambrn i - 

cot «rmw>Ie as tie of 

bof* as ^/T, S-. These cLs.vs d n*r.hers 
^Bhe nUbers e^ ant-bmetic. 
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Arithmetic developed through the ages 
as a functional tool designed to meet man- 
Vind's increasing quantitative needs. In the 
past crntuT}' maUiematicians have attempted 
to state the basic laws of arithmetic as a 
logical stniefure. These are often called 
axioms. 

Arithmetic consists of a set of elements 
called numbers. (These have been previously 
referred to.) 

There arc two binary operations, called 
addition and multiplication, designated by 
the Symbols + and X ■ A binary operation 
is one which can be performed on only two 
numbers at a time. Interestingly enough, it 
is possible to add only two numbers at a 
time or to multiply only two numbers at a 
time. To be able to add three numbers or to 
multiply three numbers, one must extend 
the ideas of addition and multiplication in 
their simplest forms. 

It Is always possible to add any two num- 
bers or to multiply any two numbers, and 
the result shall be an aritlimetic number. 

3 + 7 = 10; g X 7 = 56; Vs + ~ “/is; 

% X Ys = Ys-, .16 X 1.4 = .224 

Any two numbers can have only one sum. 
Any two numbers can have only one prod- 

3-1-7 equals 10 and only 10 

8X7 equals 56 and only 56 

The order of addition or multiplication of 
two numbers docs not affect the outcome. 

3+7 = 7 + 3 ; 8X7==7X8 

V/hen three numbers arc involved, the 
grouping of the numbers docs not affect the 
result. 

3 + 7 + 9 = 3 + (7 -I- 9) = (3 + 7) + 9 

2X3X5 = 2X(3X5) = (2X3)X5 

Multiplication is distributive over addition. 
This axiom can best be explained by an 
Sample. 

3 X 14 = 3 X (10 + 4) = 

3 X 10 + 3 X 4 = 30 -f- 12 = 42 

The value of any number is unchanged when 
xero (0) is added to it. \%’hen any number 
>s multiplied by I, the predurt is equivalent 
to that number. 

7+0=7 4X1=4 

For cwry number (except 0) there is an in- 
verse for multiplication, its reciprocal. The 


reciprocal of 3 is Vs- "The reciprocal of % is 
5. The reciprocal of % is Thus, one can 
find the sum and the product of any two 
numbers, Suppose that for each of these 
two operations there exists an “undoing” 
operation which brings one right back to 
the starting point The number 4 added to 
the number 3 yields the sum 7 The number 
7 “undone" by the number 4 yields the 
number 3 This inverse (undoing) operation 
is called subtraction One writes 7 — 4=3 
and says "Seven minus four is three *' One 
also says that the difference obtained when 
4 1$ subtracted from 7 is 3 Notice that 7 — 
4 = 3, because 3 + 4 = 7 When 3 
IS multiplied by 4 the product is 12, 
or 4 X 3 = 12. Assuming the inverse 
operation exists for multiplication, it is 
possible to take the number 12, operate on 
It with the number 4, and get the number 3 
This inverse operation is called division 
One writes 12 - 4 = 3 and says “Twelve 
divided by four is three." Another way of 
saying it is, “The quotient obtained when 12 
IS divided by 4 is 3 " Again, 12 '4 = 3 
because 4 X 3 = 12. 

The abstract processes of arithmetic, often 
called o/goriihitTs, follow logically from the 
properties of our number system and the 
assumptions mathematicians make about 
number and number operations. 

The so-called four fundamental operations 
of arithmetic are illustrated as mathematical 
statements or questions' 



Arithmetic has wide application (or the 
business man, for the scientist, for the nurse, 
for the housewife r>ery walk of life uses 
arithmetic in me or more of its many appli- 
cations. The introduction of ratio, per cent, 
rate, square root, and c^her anthmetical 
Concepts has increased the effectiveness and 
Usefulness of arithmetic, ft has long beta 
mankind's most faithful servant. t r. r. 
srr Ai-so: AictBits. stsnirstAncs 
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Arnindlllo Tlic armadillo is a mam- 
mal covered by its own "armor" for 
proleclion. The armor is made of a 
hard bony substance. When in danger, 
the animal can roll into a ball. The 
armadillo is also protected by strong 
claws. It moves about mostly at night 
and cats insects, roots, and fruits. 

Tlic home of the armadillo is a burrow 
which it can dig very quickly with its power- 
ful claws. Armadillos range in size from 
only a few inches up to about four feet, but 
fossils of even larger forms have been found. 
They live mainly in South America, but 
some can be found in the southern part of 
the United States. 

The young arc bom large and tough- 
skinned, and, unlike most mammals, they 
are able to see at birth. As they grow, the 
armor plates become solidified. Armadillo 
is a Spanish word meaning “little armored 
one.” M. E. c. 

Armament see Missile, Rocket, 
Weapons 

Armature (AHR-mah-ture) An ar- 
mature consists of many turns of insu- 
lated wire wound around a piece of 
soft iron. It is the armature of an elec- 
tric DYNAMO or generator in which 
electrical energy is induced. 

When a coil of wire through which a cur- 
rent is running is wound around an iron bar, 
a magnet and a magnetic field are produced 
for the time the current is running. When a 



magnetic field is cut by a wire, or cuts aaoss 
a wire, a current is induced in the wire if 
(he circuit is closed. This discovery of 
MtcifArt. rABADw in t83t is at the heart 
of the cicciric generator. It is called ekcuo- 
magnetic tVDucTlON. 

In the direct current electric motor the 
magnetic torce which operates between the 
armature and the field magnet causes the 
armature to rotate when the current passes 
through the armature. In the direct current 
generator the rotation of the armature causes 
the current to flow through the stationary 
field. 

In an alternating current generator the 
field moves past the stationary coils of the 
armature. In the huge ahemating current 
generators in use today the field magnet 
(rotor) rotates while the generating coiU on 
the armature (stator) arc stationary. 

The armature in a generator may be 
turned by the power derived from coal, <»kc, 
gasoline, or falling water. i. K. F. 

SEE also: ELECTRICtTY, ELECTROMAGNET 

Arnica Arnica is a group of yellow- 
flowered herbs of the thistle family 
which grow’s in the northern hemi- 
sphere. 
see; herb 

Arrowroot Arrowroot is a starch 
made from the rh/zomes (under- 
ground stems) of several tropical 
HERBS. Since it is easily digested, it is 
often used in baby foods. 


see: carbohydrate, stems 
Arsenic Arsenic is a chemical element. 
Compounds of it can quickly kill many 
insects that destroy garden plants. 
Small amounts of it will make some 
metals harden. But. when wrongly 
used, arsenic chemicals are slowly 


isonous to man. 
krsenic (symbol As) is 
It has an atomic weight of 74.9216 
= 16). When pure, if is a steel-gray sohO. 
i not found free in nature. It occurs 
he dark red sulfide realgar (AsA) ^ 
nic-iron pyrites (FeSAs). Two of >t^ 
ant insecticide compounds w 

read arsenate (Pb,{AsO.W. 


SEE also: atom, elements, poison 
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Arteriosclerosis (atc-TEAR-ce-oh- 
skleer-OH-sis) Arteriosclerosis de- 
scribes a condition that may develop 
in the arteries, the vessels that cany 
the blood away from the heart. As 
people grow older their blood vessels 
become less elastic and do not contract 
and expand as easily as they did when 
younger. This is known as hardening 
of the arteries or arteriosclerosis. 

In artcriDsderos'is, there are deposits bi 
fatty substances and, in a later stage, of cal- 
cium within the arterial walls. Improper 
METABOLISM oC fats are believed to be re- 
sponsible for the cholesterol deposits that 
harden and thicken the vessels. 

People who have hypertension or high 
BLOOD FREssuBE and ate obese arc crfien 
victims of arte nosclerosis. They may suffer 
from poor circulation, heart attacks, strokes, 
or kidney diseases. J. o. B, 

SEE ALSO: artery, CIRCULATORY SYSTEM 

Artery Arteries are tubes which carry 
blood from the heart to all parts of the 
body. In man, a large artery leads 
from each of two chambers (ventri- 
cles) of the heart. The arteries grow 
smaller and smaller as they branch 
out and reach all parts of the body. 
These arterioles (small arteries) 
branch into the capillaries, the small- 
est tubes in the blood system. They in 
turn enlarge into venioles and veins. 
The veins return the blood to the heart. 
This completes the circle the blood 
takes through the body. 

The pulmonary artery leaves the right ven- 
tricle and branches into two artenes, one 
going to each hmg. These arteries carry 
blood with an excess of carbon dioxide, a 
waste to be elirninated. The aorta leads out 
of the left ventricle and arches back over the 
heart. It is one inch in diameter and has 
very thick walls. It begins the work of 
carrying food and oxygen to all parts of the 
body. 

The beaung of the heart propels blood 
through the arteries. The aiteiy walls con- 
tract and expand to accommodate the flow 



Th* arteries corry blood from tho heart to the 
body. They are made up of three loyeri of litsuo 
that conlFoI the vessel site 

of blood This artery wall movement is 
called pulse. It can be felt inside the wist 
and at other pomts on the body where an 
artery lies close to the surface. 

Artery walls have three distinct layers. 
The outer coat is an elasric connective tissue 
which provides resilience under pressure. 
The nuddie layer is composed of smooth 
muscle, which can change the size of the 
vessel opening and therefore the amount 6f 
blood it can carry. The inner layer is a thin 
membrane lined with smooth cells which 
reduce fnction as the blood flows through 
the artery. 

The word artery means “air pipe.” Ar- 
teries were so named because of the ancient 
belief that air rather than biood passes 
through the body. I. h. S. 

see ALSO: circulatory SYSTEM 

Aitesian well see Well 
Arthritis Arthritis is an inflammation 
of the joints, causing aching, painful, 
swollen and stiff joints. It may be 
caused by disease, injury or degener- 
ation. 

Many diseases have arthritis as part of 
their symptoms. Some of these arc tubet- 
culosb, syphilis, pneumonia, rheumatic 
fever, gononhea, dysentery, gout and in- 
fected teeth or tonsils- 

Bacteria and viruses invade the joints and 
infect them, causing fever and painful swell- 
ing or “arthritis.” Infectious arthritis docs 
not occur too often because the use of avti- 
BiOTics in early treatment of the disease 
prevents the invasion of the joints by the 
microbes. 
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Armnmcnt see Missile, Rocket. 
Weapons 

Armaliirc ( AHR mah-iurc) An ar- 
mature consists of many turns of insu- 
lated wire wound around a piece of 
soft iron. It is the armature of an elec- 
tric DYNAMO or generator in which 
electrical energy * . induced. 

When a coil a cur- 
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and field arc produced 

time t’ rii oenj* 


V*; n cef by 1 w---?. ercitt 
I »■— « rr-^r-" n r^dxrd m t*'C »'« i 
Tf-’t d-scovrry e 
r.»*-«T rt n3l rt at the toi 
ft JV fVrt.'c p— «rr3'T. It « canedelectra 

I • t V i rrrJ cscT" eVrtnc irctor to 
f »*■*:?» errates beftta th 
,-:j th- fxld napet causei tJi 
, », f-ts— »hea the current pwe 
jf-*at^ H the J'rfct f«"r« 
V t’-c r-fa-ion cf the amuliirt ause 
L c;-rrr,: » t- 

f-cld A 


U: an u.'/rrn..-,rr carrrrf * 

f^ld rene' pad the itafiorj^ coils of * 
i”th- hup alteraaimg cartes 
armi in r— ' . pjgnc 

rerxTiUTn n use touay t.. 

rcrarn »h.Je the preratm? coils « 
,Sc arnulure f».'^roc> arc h 

The armature *«, *. ^.'^coal.rele 
turned by th^ r^cr derned from coaj, ^ ^ 
ratolxc. Cf falling water. 

Vtl also: llirT«;atr. novs’. 

Arnica Arnica is a g ^wEfatn^J 

novsered herbs of the TtnsTUf^ y 

..hich Ero« in the norths 

Sphere. 

Arxe^too.^-'*: 

made from Iho 1101*^ 

ground 

„(,en ured in baby ^ 


often u«d in baoj 

SE r : CA a Bons oa 'T E . dcffcct- 

Arsenic Arsenic is a 
- mpoundsohtc^q“^ 

that destroy ? . ^ 


Compounds 01 

insects that „|| oaU 

Small amounts °Tiut."^hen 


Small amounts ol 
metals harden. sJo»U 

used, arsenic chemte ^ 

poisonous to . eice«f {J’ii. 

^Arsenic (*>^,^gitcf 
33. It has an H b * 

jSifAsO.) __ _ 


Arteriosclerosis 


139 


Arthritis 


Arteriosclerosis ( are-TE AR»ee-oh- 
sklecr-OH-sis) Arteriosclerosis de- 
scribes a condition that may develop 
in the arteries, the vessels that carry 
the blood away from the heart. As 
people grow older their blood vessels 
become less elastic and do not contract 
and expand as easily as they did when 
younger. This is known as hardening 
of ihe arteries or arteriosclerosis. 

In aiterioscleiosis, there arc deposits of 
fatty substances and, in a later stage, of cal- 
cium within the arterial walls. Improper 
METABOLISM of fats arc believed to be re- 
sponsible lor the CHOLESTEROL deposits that 
harden and thicken the vessels. 

People who have hypertension or high 
BLOOD PBESSUSE and are obese are oficn 
victims of arteriosclerosis. They may suffer 
from poor circulation, heart attacks, strokes, 
or kiitey diseases J. D. b. 

SEE also: ARTERV, circulator V SVSTERf 

Artery Arteries are tubes which carry 
blood from the heart to all parts of the 
body. In man, a large artery leads 
from each of two chambers (ventri- 
cles) of the heart. The arteries grow 
smaller and smaller as they branch 
out and reach all parts of the body. 
These arterioles (small arteries) 
branch into the capiUaries, the small- 
est tubes in the blood system. They in 
turn enlarge into vcnioles and veins. 
The veins return the blood to the heart. 
This completes the circle the blood 
Jakes JbroDgh the body. 

The pulmonary artery leaves the right ven- 
tricle and branches into tviT) arteries, one 
going to each lung. These arteries cany 
blood with an excess of carbon dioxide, a 
waste to be eliminated. The aorta leads out 
of the left ventricle and arches back over Ihe 
heart. It is one inch in diameter and has 
very ihick walls. It be^ns the work of 
carrying food and oxygen to all pans of the 
body. 

The beating of the heart propels blood 
through the arteries. The artery walls con- 
tract and expand to accommodate the flow 



of blood. This artery wall movement is 
called pulse. It can be felt inside the wrist 
and at other points on the body where an 
artery lies close to the surface. 

Artery walls have three distinct layers. 
The outer coat is an elastic connective tissue 
which provides resilience under pressure 
The middle layer is composed of smooth 
muscle, which can change the size of the 
vessel opening and therefore the amount 6f 
blood it can cany. The inner layer is a thin 
membrane lined With smooth cells which 
reduce friction as the blood flows through 
the artery. 

The word artery means “air pipe.” Ar- 
teries were so named because of the ancient 
belief that air rather than blood passes 
through the body. 1, it. s. 

SEE also; circulatory SYSTEM 

Artesian well see Well 
Arthritis Arthritis is an inflammation 
of the Joints, causing aching, painful, 
swollen and stiff joints. It may be 
caused by disease, injuty or degener- 
ation. 

Many diseases have arthritis as part of 
their symptoms. Some of these arc tuber- 
culosis, syphilis, pneumonia, rheumatic 
fever, gonorrhea, dysentery, gout and in- 
fected teeth or tonsils. 

Bacteria and viruses invade the jointx and 
infect them, causing fever and painful fwell- 
iog or “arthritis.’* Infectious arthritis does 
not occur too often because the use of avtt- 
BioTtcs in early treatment of the disease 
presents the invasion of the joints by the 
microbes. 


ArthrltU 


<? 0 M/ produce! a type of arthriU* due to 
faulty ruaisr meiabotitm. Salt! of uric acid 
arc deposited in the joint!, cipccialJy in the 
large toe and there i! irritation of the tis- 
sue!. Some common and mild illnesses that 
produce pain and slifincss of the joints arc 
often calicd r/ieM/narirm or tumhago. The 
muscles and surrounding connective tissue 
structures arc tender but the joints arc not 
directly aUecicd. 

anfiritis is a serious type of 
inflammation of the joint. The cause is un- 
known One of its characteristics is the 
s)7nmclrical joint involvement. The knuckles 
of the hands arc most often affected and if 
a finger of one hand is involved the same 
finger on the other hand also becomes in- 
volved. The joints are swollen and painful, 
movement is limited, and deformity some- 
times results. Rheumatoid arthritis usually 
affects the entire system of joints throughout 
the body. 

In osieoarthritij, the weight-bearing joints 
are most often involved and the end joints 
of the fingers may become enlarged. This 
degenerative disease is chronic with destruc- 
tion of cartilage and compensating over- 
growth of bone. As the joints become less 
movable pain appears late in the course of 
the disease. 

There is no known cure for rheumatoid 
arthritis or osteoarthritis, but rest, prescribed 
exercises, massage, heat and some medica- 
tions (ASPtxiN, ACTH, CORTISO.VE) arc 
effective treatments. D. C. H. 

SEE also: joints, skeletal 


Arfhfbpodta 

Arthropoda Arthropod! are a very 
large group of animals with jointed 
legs, A joint is important to an animal. 
It joins two parts of the body and al- 
lows these parts to bend, A person 
would not be able to run, skip or jump 
if his legs and feet did not bend at the 
joints. 

Arthropods arc able to walk instead 
of crawl. The legs are under the body. 
They lift the body off the ground, so 
that the arthropod is able to move very 
fast. The joints allow greater freedom 
of morion. 

Most arthropods are well known. 
Lobsters, shrimp, crabs, spiders, in- 
sects, mites, ticks, centipedes, and mil- 
lipedes are some animals in this group. 

These animals are very successful 
in this world. Some live in the ooze at 
the bottom of the ocean. Some fly 
through the air. Others are found in 
fresh water, on land and in soil. They 
are found in most parts of the world. 
They eat the largest number of plants 
and animals. They eat the most un- 

Phylum ArthtopoJa it ths tar^tft end mnsf 
vtirfed gfovp animo/t. fft* 
usually harmt.ss hofydld (l«w«r l.ff) b.lonj* 
to Clots Insect*. The peisenous torontulo (lewer 
right] belongi ta Cfau Araefinida 



usual foods, such as cloth ahd wooden 
buildings. They have special body 
parts for protection against their ene- 
mies. Their thick outer skeleton is 
made of a material called chitin. It 
protects the soft body underneath. Dif- 
ferent animals have pincers, large eyes, 
antennae, stingers, and poison claws. 
Arthropods arc so successful, that 
four-fifths of all the known animals in 
the world are members of the group. 

Many of the larger animals depend upon 
arthropods as food. Since many arthropods 
teed -opon ptants, they change \srtn amoimts 
ot the plant protoptasm into tsseahle food (or 
other animals. For eiample, insects are fool 
for such animals as fish, birds *“'1 reptiles. 
Lobster, shrimp and oi^r aquatic animals 
art fool for man. 

tt'hile many arthropods are of benefit to 
man. others are harmful. The sits and 
caher inserts cross-poHmaie fioaxrm j f^ants. 
Sitk is provided by the suxwoasi and tlsc 
spider. Ho»t«r, c1t.^^Tta^ destroy cotton 
tad com crops in the socibera states. Some 


insects destroy fresh meat and plants. Olood- 
sucMng mites and ticks transfer diseases 
Arthropods are so numerous in many places 
that they make Ufe difficult or even impos- 
sible lor man. 

An outer covering, of ejotKtleton. of 
chitin protects the soft inner tissues of the 
arthropod. Chitin is as important to the 
arthropod as steel uas to a knight in armor. 
This exoskeleion is consimcted like a suit 
of armor. To enable a knight to bend his 
body, the suit of armor had to be made with 
moteable steel plates. The armor-hke cao- 
skeleton of the arthropod is composed of 
moveable chitinous pbtei. 

In body structure, the arthropod may be 
TOmpiTttl to a passeTigM pkanc. On tbe in- 
side, the plane is divided into many 
compartments, such as control rooms, pas- 
senger lounges and storage rooms. From the 
outside the plane appears to base only three 
main parts, the nose, the main body, and 
the tail tertioBs. The outer nruaurr does 
DC* resral the iraer siruaure. It w-otlJ o« 
be practical for a plane to be constructed in 
mosTable sectiecs. L\e those of a tram. The 
three rtaia secucess m fused lopther so 
that they most lopetber. la the same way. 
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A thousand kind* of crabs ara tn Closs Crvsfocea 


the arthropod body consists of segments, or 
inner divisions, which are fused together to 
form three main outer body parts — the head, 
thorax, and the abdomen. 

Several segments are fused together to 
form the head. Except for the first segment, 
each segment has a pair of jointed append- 
ages, such as jaws for biting or sucking, 
antennae for feeling, or claws and mouth 
parts for capturing and ingesting food. Eyes 
arc also located on the head. The simple 
and compound eve may both appear on the 
same animal. The compound eye is unique 
to the arthropods. It is made up of many 
complete units, each with a separate lens. 

The appendages for locomotion arc lo- 
cated on the thorax. Each type of animal 
has a definite number of appendages. The 
arachnids— spiders, ticks and mites — have 
four pairs of walking legs, while the 
stcTs have three pain of walking legs and 
two pairs of wings. The abdomen usually 
contains the anal and reproductise openings. 
Appendages may also be present on the 
aMomen. 

Arthropods hast systems for transporta- 
tion of messages or substances throughout 

Tk« c*iitip«J« U la a cta*« by ItMlf 



Honeybaes (af Class tnsacta) an a sumac branch 


the body. A brain and nerve cords make 
up the nervous system. The inner nervous 
system connects with outer sense organs, 
such as eyes, antennae, hearing organs, 
sensory bristles and hairs. A simple heart 
and a series of blood vessels leading into 
open spaces throughout the body make up 
the blood system. The digestive tube is 
lined at the mouth and anus with chitin. Di- 
gestion takes place in the middle section. 
Excretory organs often empty into the 
digestive lube. For breathing, most land 
arthropods have a system of tubes lined with 
chitin, which arc called trachea. The 
open to the surface and air circulates to the 
inner tissues. Most aquatic arthropods, like 
the lobster, have gills. 

Among arthrop^s, the sexes arc usually 
separate. Arthropods lay many eggs. Since 
the adult may develop within a few days or 
weeks, there may be several generations a 
year. All larva develop into adults by 
HOETiNO their outer covering several times 
before they reach adulthood. e- ^ ^ 

SEE also: A.VIMAL; A.MtSIAtS, CtASSinCA- 
Ttov of; AKACHVIDS; caosTACEA; i*<srrTA, 
METAMOarttOSIS; MILLIEEDE 
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Asbestos Asbestos is either of two 
fibrous silicate minerals. The fibers of 
chrysotile can be woven into fireproof 
cloth and insulating sheets. 

The other t>iic is cttnphibole asbestos. It is 
used to make aejd-resistant materials. Both 
kinds occur as part of certain igneous rocks 
abundant in Alabama, Georgia. Quebec, South 
Africa and the Ural MounUins of Russia. 

D. A. B. 

SEE also: mineral, serpentine 

Ascaris (ASS-kuh-riss) Ascaris is a 
roundworm which is not segmented. 
It is a PARASITE, which means it lives 
in another living creature from whom 
it gets its food and shelter. The ascaris 
is found in the intestines of man and 
domesticated animals. They are unin- 
vited guests that set up housekeeping 
in the intestines, entering the body 
through the mouth. These worms come 
from infected beef, pork, fish, vege- 
tables, Or water supplies. A doctor can 
treat a person who has discovered 
roundworms in the bowel movements. 
Certain drugs will kill the worms and 
the eggs. 

A human bemg or other animaf can be- 
come infested with roundworms by eating 
food that has been contaminated with the 
eggs or the adult of the roundworm. The 
worms will live in the intestinal canal and 
the eggs will hatch into worms and live, 
grow, and reproduce. The Iar%*ae sometimes 
pass throng the Intestinal wall into the ve- 
nous system and cause lung inhammation. 
Along with the contents of the bowel, the 
eggs of these parasites are excreted to be 
taken up later by man or by other animals 
for a repetition of the cjole. 

When a person has roundworms, there 
few s ymp to m s unless he has a great 
of worms. Worms are no disgrace 
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but they need treatment The most impor- 
tant treatment, however, is pro-ention. Many 
thousands of lives have been spared of 
worms because of proper disposal of sewage 
and garbage. Careful inspection of cattle 
and foods, and thorough wuhing and cook- 
ing of STgetables and meals haw helped to 
decrease the number of srorm-i^ested 
people and animals. j. x. r. 

SEE ALSO; NEMATltELMINTWES 

Ascorbic add sec Vitamin 

Asexual reproduction sec Reproduo- 
tion, asexual 

Ash Ash trees are common trees 
in yards and parks. There are over 
50 different kinds of ash trees, such 
as red, black, blue, green and white 
ash. Students can tell one kind from 
another by studying the leaves. Ash 
trees belong to the olive family. 

Ash wood is widely used because it is 
strong and hard, jTt li^t wci^l and flexi- 
ble. There is ash wood in baseball bats, 
snowshoes, airplane parts, cars, garden tools, 
church pews, bowling aUc)^, bushel baskets, 
hammer handles, and in many other things 
that require a bard, tough wood. Ash wood 
makes good fireplace fuel, and logs of ash 
will bum srfrile they arc stiH green because 
the sap in the wood b flammable. 

Ash trees are found in all scctiona of tte 
United Stales. The most common s-aricty b 
the white which grows to 120 feeL Red 
ash trees are nsoaHy found in wet places, 
while green ashes may be found on the 
prairies of the West and on river banks of 
dey coasiiy. Tbt Hue ash b prevalent in 
Tennessee. Xenfneky, and the Ohio V^ey. 
Black ashes are found in swamps of New 
York and the New England stales. J. D- *• 
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Asia Asia is the largest continent on 
earth. It covers one-third of the land 
area of the world. Europe, which is 
counted as a separate continent, is 
really connected to Asia like a huge 
peninsula. More than half of the peo- 
ple of the world live in Asia. 

Asia is so large that practically ev- 
ery CLIMATE may be found in some 


part of it. It has the coldest spot in the 
northern hemisphere at Verkhoyansk 
—colder than the North Pole. In 
southwestern Asia the desert tempera- 
tures may be as high as anywhere on 
Earth, 

About half of Asia consists of bleak 
plateaus and high mountains. Mount 
Everest is over 29,000 feet high — the 
highest mountain on earth. 

Asia faces three oceans — on the 
north, the Arctic; on the east, the Pa- 
cific; and on the south, the Indian 
Ocean. On the Pacific side, where 
there are branching land formations 
and islands, the arms of the ocean 
arc designated as seas. Among these 
arc the South China Sea, the Sea of 
Japan, and the Sea of Okhotsk. Asia 
has nearly 50,000 miles of coast line, 
much of it making good harbors. 



Asia 
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The teiodong Is a wild buffalo found In the 
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foRftfS 

The contmcnl of Asia exicnds from th< 
cquaiof 10 80’ north lArnme (N. Lai.} 
although some of the Aslan islands extent! 
to 10’ S. Lai. In lONCfruoe, Asia extaids 
from about 2V E. lo 170’ W. The area of 
Asia if about 18,000,000 sc^uarc miles. 

The mountain chains of central Asia are 
tremendous. From this central point of the 
great Pamirs, the Hindu Kush range extends 
westward through Afghanistan, Elevations 
arc as great as 20,000 feel. 

Eastward from the Pamirs, the impressive 
mountain system branches in several direc- 
tions. The Karakoram arches north and the 
Himalayas southward. There is also a shorter 
range of the Himalayas lying cast and west. 
Many mountain peaks are nearly as high as 
Mt. Everest, and even the passes through 
these mountains are at elevations of 14,000 
feet or more. Mountains branch off into 
Soulhcastem Asia and China. Northeastward 
the mountains form a boundary of Outer 
hfongolia and extend into Siberia. 

The Tibetan plateau lies at an elevation 
of about 16,000 feet, hut the Afongol/an 
plateau is not more than 5,000 feet high. 
Plateaus are numerous over the continent. 
Asia has seven major plateaus, including the 
Dekkan in India, the Anatolian in Turkey, 
the Arabian, and the Iranian. Hill country is 
often associated with plateau regions. South 
China is largely a hilly region, and India, as 
well as Southwestern Asia, contains many 
foothills. 

CLIMATE 

The climate and rainfall of Asia present 
great contrasts. Hie Malay Peninsula has a 
rainy tropical climate so constant that the 
average temperature from month to month 
varies only 1 ° F. At the other extreme, land 
along the Arctic Ocean has subpolar climate 
with only a short summer season. RainfaU 
is ten inches or less, similar to the dry 
desert regions farther south. 

North of the rainy tropics are found the 
monsoon tropics which include most of In- 
dia, Indochina, Burma, and Thailand. Wis 
climate has a rainy season varying from liw 
to eight months, followed by a dry season 
the rest of the year. During the rainy leasM 
the average rainfall is 50 inches, but »n tne 
hill slopes of Assam (eastern India) the 
average is over 400. _ 

The rainy season starts in the spnng when 
steady moistune-faden wind* Wow from the 
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Indian Ocean over the land. Differences in 
air pressure cause this constant movement. 
In the dry season, cold air over the continent 
exerts high pressure compared to the air 
over the Indian Ocean. For months the dry 
winds blow land to water 
Most of China has a humid subtropical 
climate similar to that of southeastern United 
States. Rainfall is adequate and suBicicnl to 
support a forest cover. Southwestern Asia 
and much of the interior of the continent are 
very dry. Here the tropical deserts of Arabia 
and the Thar in Northwest India are found. 
One desert, the Gobi of Mongolia, is too far 
from the equator to be a tropical desert. 
North of the Himalaya Mountains, the wind 
directions arc generally west to east. The air 
is dry because it has blown over thousands 
of miles of land without the influence of 
bodies of water. Tlic climate across Siberia 
is a continental type of climate with sufficient 
rain for a heavy forest cover known as the 
Taiga. There are three to five frost-free 
months during a year. 
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RIVERS AND DRAINAGE 
Asia has many rivers. Those in southern 
and eastern Asia are very important to the 
people who Jive along theie Hoodplaim, The 
fertile plains where water is available for 
irriplion provide food for millions of 
people. The important rivers of India and 
Pakistan are the Ganges, the Bramaputra, 
and the Indus. The Bramaputra flows into 
the Ganges as it empties into the Bay of 
Bengal, fn Iraq Ific Tigris and Euphrates 
rivers flow into the Penian Gulf. These 
rivers provide oases in a very dry region. 
In North China, the Hwang Ho, sometimes 
called the Yellow River, has built up a vast 
floodplain. This river actually lies above the 
level of the surrounding land. It is held in 
place by both natural and man-made levees. 
When great floods occurred in the past, 
many lives were lost from drowning or 
from the famines which followed. The 
Yangtze and the Si are two important 
drainage systems in China. The Irrawaddy 
and Mekong rivers are found in south- 
eastern Asia. 

In the north, there are many rivers flowing 
toward the Arctic Ocean. Three of the more 
important ones arc the Lena, the Ob, and 
the Ycnsci. In one sense these rivers seem 
to thaw. This makes swampy and flooded 
colder regions, and their mouths are the last 
to thaw. This makes sw’ampy and flooded 
conditions in the short summer season. 

In central Asia there are many rivers 
which have no outlet to the sea. This vast 
region lacks a proper natural drainage sys- 
tem. As a result, these rivers flow into lakes 
and inland seas which are salty, such as the 
Aral and the Caspian seas. 


PLANTS AND ANINtALS 
Asia has a varied plant and animal 
life. In Siberia the plant life vanes 
from TUNDRA in the north to steppes 
or prairieland fn the central region and 
evergreen forests in the southeast. In 
the west on the slopes of the Ural 
Mountains, forests of valuable hard- 
svoODS and conifers grow. The animal 
life in these varied habitats include the 
jrmine, sable, bear, wolf, fox, marten, 
ynx. squirrel, skunk, otter, and hare. 

Southwest Asia presents a contrast 


th* olont panda af w%U*m CMna ond TiboT wai conildir*d la b* n mytK untl! 100 v*<*ri ogo 


of dry lowlands and forested moun- 
tains, These forests arc made up of 
oak', pine, fir, cypress, and cedars of 
Lebanon. In the valleys fruit trees 
like orange, apricot, cherry, plum and 
fig grow abundantly, as do grape vine- 
yards and dates. Wild animals are still 
abundant in the mountains and in- 
clude wolf, brown bear, leopard, tiger, 
mountain sheep, and deer. In the val- 
leys and upland meadows sheep, goals 
and camels arc herded. Two varieties 
are unique — the angora (long-haired) 
goat of Turkey and the fat-tailed sheep 
of Afghanistan. 

Ttic high mountains of centtat Asia base 
cs’ergreen forests and animal life which 
includes mountain sheep and goats, musk 
deer, and the yak. 

The monsoon regions of India and south- 
east Asia base three principal tj'pes of >cge- 
Ution — saxanna, tropical jungle and moun- 
tain forests. The commercial trees include 
eboTiy, teak, sandalwood and bamboo — a 
tree-like grass. lute, for making burlap bags, 
and spices, like pepper, tumenc, ginger and 
anise are gathered from wild plants or are 
cultivated. Cinnamon bark, rubber, and ct>> 
ronuts are harvested from natixe and culti- 
vated trees. 

The wild animals of India, Burma, and 
southeast Asia include the tiger, leopard, ele- 


phant, monkey, one-horrt rhinoceros, honey 
bear, water buffalo and wild dogs The ele- 
phant and water buffalo arc domesticated 
for heavy work 

The plant and animal life of China has all 
the variations of Asia as a xsholc, from the 
cold forested mountains of Manchuria to the 
tropical jungles of southeast Asia, and from 
the monsoon east to the deserts and moun- 
lams of the wTst 

NATURAL RESOURCES 

The lowland plains of North China (Yel- 
low Plain) and the Yangtze farther south 
hue nch fertile alluvial soil The popula- 
tion pressure ort the land here is xery great 
The soil of North China is largely fine, 
xvindblow-n soil known as /oerj. tXrpositf 
may reach thicknesses of hundreds of feet 
The Yellow Rixer carries large quantities 
of this fine silt. 

The continent of Asia docs not haxc the 
great natural resources found on some other 
continents, especially the basic minerals for 
indust naltzat ion, with the exception of oit 
The Middle East may contain the greatest 
petroleum resources so far known in the 
xxorld. Coal is found is reasonable atnm- 
dance, but iron ore deposits are not great 
Rubber, tin, timber, gems, manganese, and 
mica are a few of the many things the world 
seeks from Asia. n ii. J. 

SEE Also; raaTH, fvrort. n*tv»al *t- 
soi-'aCES 

Asp see Snakes 






Aiparagui 

Asparagus (as-PAIR-uh-gus) Aspar- 
agus is a green vegetable. People have 
enjoyed it for over 2,000 years as a 
special treat in the springtime. 

Asparagus is a perennial. The spears (young 
stems) arc harvested each year. The plants 
lack true leaves, having scales instead. The 
tiny flowers arc ycliow-grecn. Plants produce 
staminatc and pistillate flowers. When the fe- 
male flower is fertilized, it develops into a 
round, red berry. 

The roots of asparagus plants grown from 
seed arc set in a ridge of soil. As the as- 
paragus grows, the trenches are filled. A 
good asparagus bed will yield for ten or 15 
years or longer. 

After the stems are six inches or longer, 
they are cut two inches below the ground. 
Three to five stalks on each root are left to 
grow and develop into stems and leaves. 

P. G. B. 

Aspen Aspen is the name of several 
species of poplar tree, including the 
trembling aspen and large-toothed 
aspen. It is a small tree with yellow- 
ish-green bark and finely toothed 
leaves attached to the stalk in such a 
way that they flutter easily. The 
trembling aspen is the most widely 
distributed tree in North America. 

see: ANCIOSPERM, POPLAR 


targe-foefhetf aipan 
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Asphyxia 


AsphaK Asphalt is one of the most use- 
ful materials known. It is used in roads, 
runways, batteries, roof coverings and 
automobile undcrcoa tings. As a liner 
in irrigation ditches, it prevents loss of 
water by seepage. Playgrounds and 
parking lots are often covered with it 
and buildings arc made soundproof 
and fire resistant with it. 

Asphalt was used in andent limes to make 
ships and reservoirs watertight. Stone walls 
were held together with it and roads were 
made smooth and durable. Asphalt, common- 
ly called pitch, is organic in ori^. It is found 
in pools or lakes which were formed by the 



Asphalt Is a common subilanco for rood surfocos 


remains of ancient plants and animals. Some 
of the best deposits in the Western Hemisphere 
are in Trinidad and Venezuela. It is also found 
in scattered areas of Europe and the Far East. 

Useful supplies of asphalt arc found in some 
porous rock formations, but most of the 
asphalt used today is obtained synthetically as 
the thick residue of processed petroleum. 
In its natural state or its processed form, it is 
black or dark brown in color. It may Dow 
like thick syrup or be as hard as a rock. 

Because of its many uses, asphalt has great 
commercial value. It can withstand great vari- 
ations in heat and is quite flexible. It mixes 
well with crushed rock or other construction 
materials, and it can support great sti«s« 
without breaking. 

Asphyxia (ass-FIX-ee-uh) Asphyxia 
is a condition in which the suppfy o 
oxygen in the body is too low and the 
supply of carbon dioxide is loo great. 
For life, it is necessary that the blood 
continuously take a fresh supply o 
oxygen to the cells and receive carbon 


Asphyxiation 

dioxide from them as waste materials. 
In CARSON MONOXIDE poisoning, 
caused by smoke, automobile exhaust, 
or gas fumes, there is breathing intet- 
fercncc with this process. Carbon mon- 
oxide has a much greater attraction 
for the hemoglobin of the blood than 
docs oxygen. If there is carbon mon- 
oxide in the lungs, the hemoglobin 
reacts with it rather than with oxygen. 
This lack of oxygen may result in 
death of the cells. 

In cyanide poisoning, the blood carries iu 
usual oxygen supply to the cells but the en- 
lymcs of the cells are affected so as to make 
the exchange of oxygen and carbon dioxide 
impossible. 

Mountain climbers often suffer with 
asphyxia. At ■very high altitudes the air has 
a low oxygen content. 

In such accidents as diownings, cholcings, 
hangings or any other blockage of the air 
passages, there is interference in the process 
of inhalation and expiration. 

Newborn babies may also experience 
asphyxia when their lungs fail to expand 
fully at binh. o. A. u. 

SEE Also: RESPiRATomf system 

Asphyxiation see Asphyxia, First aid 

Aspirin Aspirin is a white crystalline 
compound. It is the ester of salicylic 
acid and acetic acid — acetylsaUcyhc 
Proper dosage tends to reduce 
the body temperature of a person with 
a fever. It relieves certain types of 
joint and muscular pains and is cons- 
monly used for colds and fes'er. 
Aspirin (in large dosage) has been ef 
fectivc in treating acute rheumatic 
fever. 

"The name aspirin ts derived from the early 
for saliqltc ackJ uhich was known as 
AciJum Spiricufft. 

Acetjlsalicjlic acid wax prepared first by 
Wrhardt in J853 and then by Kraut ia 
1869, by the action of aeet}l cW(W?d: upon 
^lum uheybte (a salt of sahcylic acid) 
A United States patent sras issued to Hoff- 


Assimilafio 

man in 1900 for its preparation by the actic 
of acetic anhydride on salicylic acid Th 
formula was considered to have diffcrci 
chemical and medical properties from ar 
American fever drug previously patented 
was at this time that aspirin was introduce 
for commercial use. w. j. i 

SEE also; drugs, ester 

Ass see Donkey 

Assaying (uh-SAY-ing) Assaying i 
any process used to find out how muc 
and what kinds of metals are in a roc 
sample or an unknown alloy. The mai 
methods of assaying are the wel pn 
cfsssnd Ihs Jire process. 

In wet assaying, the unknown sample 
mixed with another chemical in solution, Tt 
identifiable products resulting are separate 
and weighed. 

In fhe lire or dry process, the sample ma 
be first crushed and the pure substances sifie 
out. Or it may be roasted and the producl 
collected and measured. J . d. j 

SEE also; metal, MINERAL 

Assimilation The body must hav 
food to remain alive and healthy. Bu 
many foods cannot be used in the fom 
in which they are taken into the body 
They must first be changed by digej 
lion into simple units. These units cat 
then be used as building blocks fo 
larger, more complicated substance 
needed by the body in its protoplasm 
Assimilation is the incorporation o 
the end products of digestion intr 
lii’ing protoplasm within the cells o 
the body. 

Foods belong to three basic groups; car 
bohydrates, fats and proteins. For Riiimila 
tion into fixing pro^Iasm. carbohjdratr 
must be changed into simptc swats; fat 
into Patty Aatw and gSyaerol; proteiat ten 
AXfivo ACIDS. These basic building block: 
can then be used as needed fo put togedie; 
the protoplasm required bj- the bxf). U’ater. 
minerals, and enrj-mes are also necesury fc 
the process of assisularion. o. a. t>. 
sTt Also- AasoRprtov, wcrmiT ststtm 
metabolism 
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Astatine (ASS-ta-teen) Astatine is a 
radioactive element whose chemical 
symbol is At. In some respects it is 
similar to iodine and has been found 
in the thyroid glands of guinea pigs. 

Astatine is difficult to find in nature be- 
cause it is unstable and radioactive. Unless 
it combines with a long-lived substance, it 
decomposes quickly. The short-lived radio- 
active forms then result. 

Astatine is clement number 85. The mass 
number of its most stable isotope is 210. It 
has twenty isotopes, all prepared by nuclear 
reactions. The most important, At*“, was 
first made in 1940 by Irambarding bismuth 
with alpha particles. Astatine means unstabie. 
The element is known only through radio- 
activity. D. L. D. 

SEE also: atom, elements, radioactivity 
Aster Aster means star, and the flower 
head of the aster plant looks like one. 
It is a composite plant and so has not 
one big flower but many tiny flowers 
in a cluster. The flower head may 
measure one-half inch to six inches 
across. Asters bloom in the fall. 

The annual or China aster was once a tiny 
flower but the modem hybrid species arc 
large and showy. They come in every color 
excqjt yellow. The plant grows one to three 
feet tall with a thin stem, many leaves near 
the ground, and a giant Hower head. 

The StoKes aster is a wild perennial of 
southern states. The long leaves grow from a 
hairy Item. The blossoms arc purple to blue. 

The perennial hardy asters were developed 
by crossing the Italan, New York and New 
England varieties. They grow 10 to 70 inches 
high. The ye flow aster is a perennial of eastern 
states. It h net grown widely but will thrive 
in poor soil, ii J. c. 

art also: composite elowe* 
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Asteroid (ASS-ter-royd) Asteroid 
means “like a star,” Planetoid means 
“like a planet.” Asteroids, also called 
planetoids, are heavenly bodies that 
look something like stars. Actually, 
they are minor planets. They are 
much, much smaller than the regular 
planets of the solar system. Some of 
them are only one mile in diameter. 

There is a wide gap of space between the 
orbits of Mars and Jupiter. At one nme 
astronomers thought that there most be • 
pbnet there that had not been discovered. 
When they searched the skies with their 
telescopes and cameras, they found not 
planet but hundreds of minor pbnets. Since 
then asteroids have been discovered sea • 
tered between the orbits of Mercury an 
Saturn, but the majonty of them are hciween 
.Mars and Jupiter. Some astronomen lupr^ 
that these small pbnets might be 
of a bfger pbnet that used to orbit 
Mars and Jupiter, Others think ilut to^ « 
them might have been satellites (A *' 

one time, .^taay believe that they have 
been esactly as they are now. me«b 
lumps of rock that orbit ar^'W the svn. 
chiefly between ,kbn and Jupiter. 

tai a djmrter of about 490 milei i 

ibe bng.btest ooe and « the only one 
can be seen witW a telescop* e, i- •- 
siF also; o*ifT, araa 
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Asthma A person who has run and 
played so hard that he is out of breath 
and has to lean against a fence or flop 
down on the ground until he can catch 
his breath is going through what a 
person with asthma goes through. 
Sometimes for long periods of time 
the person with asthma cannot breathe 
normally. There is a big difference 
between a normal person’s being short- 
winded after exercise and an asth- 
matic’s being short-winded. The 
asthmatic is breathless because he is 
sick. 

The part of the body involved in an attack 
of asthma is the lungs. Within the chest are 
two lungs that fill with air whenever one 
takes a breath. Leading to the lungs from the 
tiiroat is the trachea or windpipe. The 
trachea branches out to each lung, both to 
the right and to the left, through smaller 
tubes called bronchial tubes. 

During an attack of asthma, the bronchial 
tubes swell and the air passageway through 
the tubes becomes so small that air is almost 
cut off from the lungs. An attack of asthma 
may come when the asthmatic person 
breathes dust from plants (pollen), house- 
hold dust, animal fur, feathers, flour, or face 
powder. The same thing may happen when 
he eats certain foods such as milk, eggs, or 
wheat. When these particles and foods arc 
taken into the body, they may cause an al- 
lergic reaction with the release of histamine. 
Histamine stimulates the bronchial muscles 
and glands to produce asthma. 

Nervousness and emotional disturbance 
sometimes account for an attack of asthma. 
If a penon is very tired from overwork in the 
house, on the job, or at play, and he then 
experiences a great disappointment, learns of 
the death of a loved one, or becomes very 
angry, he may develop an asthmatic attack. 

An asthmatic attack is easily recognized. 
The victim’s brcalhing-oul is long and 
“wheezy" while his breathing-in is labored 
and difficult. He sits with his elbows on his 
knees and his head down in order to get 
help from every muscle of his back and 
shoulders in his struggle for air. Attacks may 
bst for days or even weeks. Activity, breath- 
ing cold air, dust or fumes, tend to wwsen 


the attack. The patient may have to sleep 
sitting up, catching cat naps between periods 
of distress. He will probably awaken several 
times during the night to wheeze and cough 
until relief comes from some form of medica- 

Many medicines bring relief to the asth- 
matic patient. ADRENALIN, ephedrine and 
atropine relax the bronchial constriction 
and stop the spasm. Antihistamines are used 
to counteract the histamines released after an 
allergic reaction, cortisone removes the 
symptoms of stress and reduces the inflam- 
mation of the bronchial tissues. Aminophyl- 
linc or even steam inhalations clear the 
bronchial tubes of fluid. 

The best preventive measure is to avoid 
allergic reactions by removing the substances 
which cause asthma. Respiratory infections 
aggravate asthmatic conditions Mild climate, 
dust-free surroundings, rest, and peace of 
mind are helpful to the person who suffers 
from asthma. 

SEE also: ALLERGY, RESPIRATORY SYSTEM 

Astigmatism (uh-STIGG-muh-tizz- 
uhm) An astigmatism is a visual de- 
fect. A person with an astigmatism is 
unable to see objects clearly. Images 
appear blurred, fuzzy and often elon- 
gated. To see images clearly the rays 
of light coming into the eye must 
focus directly on the retina. In astig- 
matism rays of light from an object 
pass through the structures of the eye 
and focus in different planes. Some 
focus in front of the retina; some focus 
on the retina; some focus behind the 
retina. This difficulty in focusing is 
caused by defects in the curv’ature of 
the lens or cornea. 

In some cases of astigmatism def^s in 
cun-ature are caused by disease or inju^^ 
This form of astigmatism is rare and an be 
corrected by treating the disease or the in- 
jury which causes it. 

The most common form of astigmatism is 
present from birth and is due to an abnormal 
structure of the ew. Asrigmaiism cm « 
corrected through lenses (ejegtasses) wfcicb 
are ground so at to redirect the L-^t ny* 
which are out of focus. 
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Persons suffering from astigmatism may 
experience other diflScultics beside poor vi- 
sion. Some of the other symptoms are 
headaches, drowsiness (especially when the 
eyes are used for a long period of time), 
and severe pain in the eyes. c. a. d. 

SEE also: farsightedness, NEARSIGHTED- 
NESS, OPTOMETRY 

Astragalus The astragalus is a bone 
of the foot called the ankle bone in 
man. 

see: skeleton 

Astringent (uh-STRIN-jent) An as- 
tringent is a substance that draws 
together living tissues. It is used in 
medicine as a drug to cause contract- 
ing or binding of wounds and to stop 
the escape of fluids from living cells. 

Astringents may act to stop bleeding from 
wounds by constricting the capillary blood 
vessels. They may also prevent diarrhea 
or shrink the nasal or urinary passages when 
INFLAMMATION swells the mucous mem- 
branes. The discharges arc stopped and the 
tissues can heal more easily. 

Some subsunccs that act as astringents 
are alum, tannin, siber nitrate, zinc sulfate, 
and dilute mineral acids. B. b. c. 

Astrobbe An astrolabe is an instru- 
ment sailors used to use to measure 
altitude of heavenly bodies. From this 
they figured latitude and time of 
day. 

see; ATTROSOVtr, navigation 


Astrology (ah-STRAHL-oh-jee) Al- 
most from the beginning of history 
men have believed that stars and con- 
stellations influence events on Earth. 
They felt that those who studied the 
stars could predict coming events. 
This study was called astrology. 

In early times, astrologers knew 
more about the heavens than anyone 
else. Later, scientists began to sepa- 
rate true facts from superstitions. 
This study was called 
Astrology has now been 
scientific astronomy and is not no 
considered to be a real 
Astrology began m the ancient 
land, of .ho Near Eaa t |» 

and in many other early lands, * ^ 

India. The ability of ancient a*^^" 
hmited knowledge and crude i 
was truly remarkable. They 
first real Jets about J 

discovered many im^rtant eclip«’' 

space beyond Earth, h^ w J^Tof 

movement of stars, jo dH- 

stars. nut it was dficuU hr 

tinguish true 4 their h»c« 

today many people ^levc ‘wir 

inlluenced by the ^Sonscanf^ 

.Nfany newspapers carry p and 

the signs of the zodiac 

However, there is Idde scienohe ^ ^ ^ 
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Astronaut (ASS-troh-not) An astro- 


naut is a person who travels outside 
the earth’s atmosphere in space. His 
vehicle is called a space ship if it is 
large or a space capsule if it is small. 
The smallest space capsule which 
probably will 'ever be built is the A/er- 
cury space capsule. It was developed 
to carry the first American astronaut 
into an orbit around the earth. 



Th« iTiBnntil coptula UMil in Amtrican rraj«<t 
Mttturf (ihown at lop of pop*) i« proboblf Ibo 
imallott monnod ipMO vokklo Ihot will avor 
b« madt. Ailranowti Shoportl, CriiMm, CUnn, 
Corponlot, S<klrra and Coopor kovo Irovolod in 
it. Tko copiulo in wkick ik« Rutiian cotmonawtt 
tirW todo l« oomowhat (argot. It wpt 

conifractod la Ikal it cowld ba lanfraMod almait 
nnHi/iVvWr Sram aatVn. Tna harancan eiiranavti 
wara abla la taniral a nvmbar af capivla n»a»a- 
iniRlt from within Ika vahicia 


Raikot, carrying tpaca capuda, at laancking 





A^fronaiil 


Aftrofiaa 





l<2t- <}>•;- 


riojtcr MitcvtY ntcHT iiuicroir 


I 

!«?»• Pv I 

o I 

) 

iOT , i 

luri j. j 

t> i 

UNO ANO 
«COVl« 


The capsule offers the astronaut 
hardly more space than the cockpit of 
a jet fighter offers to the pilot. The 
astronaut sits in a couch-type chair 
which is especially molded to fit his 
body shape, clad in a space suit. This 
chair is called a contour chair. Its pur- 
pose is to offer the greatest possible 
comfort to the astronaut who not only 
must spend many hours in it once he 
is on his way, but who also must 
tolerate very unusual conditions dur- 
ing the flight. 

At first, while the rocket aScends to carry 
him into orbit, the push of powerful rocket 
ENGINES accelerates the astronaut and his 
capsule faster than any other vehicle can, 
even a race car or a jet plane. This accel- 
eration presses the astronaut into his contour 
chair with a strong force, as if his weight 
were greater than normal. Suppose the 
astronaut in his space suit weighs 200 


pounds. Then, at the moment the Atlas 
rocket, which carries the hfcrcuiy capsule, 
lifts oil the launching pad, he would “weigh 
about 260 pounds, gaining 60 pounds m 
less than a second. Then, as the rocket mes 
faster and faster, his “weight” keeps goIj'S 
up, until he “weighs" around 1,400 pountfc- 
After he has reached orbital altitude, me 
rocket engines shut off and now his “weigM 
drops to zero. He is weightless, since a body 
which is in orbit is in a condition of free fnlt. 
When jumping off a diving b^rd, one ex- 
periences weightlessness until hitting c 
water surface. The time is very short (a few 
seconds at the most) so that people often do 
not even become aware of it unless mey pay 
special attention. WTien jumping off a div- 
iQ board, one falls essentially straigh 
downward. An astronaut in , 

fall straight downward, but rather falls m 
wide arc, so wide, in fact, that ^ 
missing the earth's surface whf. '* 7" 
curved like an arc, since the earth 
a sphere; but he falls just the same. Hefaus 
for hours and hours, falling once aroun 
„rth in about VA hours. As long as he 
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continues this, he will be weightless. In order 
to return, he slows his capsule down some- 
what by means of retro rockets. Immediately 
his arc of fall becomes shorter. He loses 
altitude. His capsule enters the atmosphere. 

The capsule has approximately the shape 
of a television tube. The blunt side is turned 
forward into the air stream, causing con- 
siderable air drag which slows the capsule 
down further, causing, in turn, the flight path 
to bend downward with increasing steepness 
While this happens, the astronaut’s “weight" 
increases again, this time due to decelera- 
tion, rather than acceleration as during the 
ascent. During the descent his peak “weight” 
will be “only” about 1 000 pounds, if every- 
thing goes all right. If he enters along a too 
steep path, due to an error in the flight path, 
his “weight” may reach 2000 pounds or 
more. He is prepared to stand a “weight” of 
more than 3000 pounds* The entire descent 
is over in about 10 minutes He will have to 
tolerate his peak “weight" for only a fraction 
of a minute. Once slowed down to subsonic 
(below the speed ot sound) velocity, the 
capsule sinks gently to the ground on a 
parachute. 

The Mercury capsule development began 
in J9S9. A chimpanzee named Ham was first 
to ride into space in this ciait. He was 
launched in February, 1961, with a Redstone 
rocket into a trajectory (path) 156.5 miles 
high and 414 miles downrange. 

ALAN SHEPHARD was the first of America’s 
seven astronauts to go into space when a 
Redstone carried him aloft on May 5, 1961, 
from Cape Canaveral, Florida. He reached an 
altitude of 1 15 miles in a suborbital flight of 
302 miles downrange. He checked out the 
capsule's controls and proved that man could 
withstand the rigor of launch and reentry 
'sdJbniiL 'Jt A. sirojlar. OJ^jbr. ■‘♦as. erm- 

pleted on July 21st by Captain Virgil I. Gris- 
som which paved the way for the first U.S 
manned orbital flight by John H. Gletm. It. 
On February 20, 1962, Colonel Glenn, in bis 
capsule. Friendship 7, was launched by an 
Atlas booster lor a flight three times around 
the world. He successfully encountered the 
forces of flight, performed control tasks, made 
scientific observations and reentered through 
the earth’s atmosphere for a safe landing. 

Astronaut M. Scott Carpenter completed 
an almost duplicate journey on May 24, 1962, 
followed by a six-orbit flight on October 3, 


1962, with Walter M. Schirra in the Mercury 
capsule. 

The next major effort to determine man's 
capabilities in a space environment came on 
May 1S-I6, 1963. Major L Gordon Cooper 
concluded the Project Mercury flight series 
with a 22-orbit, 546, 1 85-mde flight that lasted 
34 hours, 2016 minutes. The launch, insertion 
into orbit and landing of Fatih 7 were neatly 
perfect. Equally successful were the various 
experiments, aeromedical studies and space- 
craft control. The way was now paved for the 
United States' next step in mastering space, 
the Gemini Program. 

An additional group of nine astronauts were 
selected by NASA officials in September, 
1 962 Today, the complete 1 6-man flight team 
is engaged in preparations for the first Gemini 
flight. This capsule will carry two men for 
prolonged orbital flights of as much as two 
weeks. k. a. E. 

SEE also: astronautics, cosmonaut, 
SPACE medicine, SPACE TRAVEL 

{The rapid developments in both the 
United States and the Soviet Union prevent 
a completely up-to-date reporting of astro- 
nauts in space technology. Further informa- 
tion will be available in supplementary 
volumes of this encyclopedia.} 



A menntd ipace vehicia muti prolact tha oitro- 
noul from pratiura and haat 





r*f tvnivrt** U^m m fpa<» arHvtnv •» lh« 
tn**n !■«« b«*n mIit • Wr^m. M*4*n« Mlvnc* h rapWly 
Ivmtng lp«(* irsval Ini* «n •■cillng rMUlT 


Rockaf componantt companigl* for Ih* lack of 
air in (paco 

Astronautics (ass-troh-NAWT-ticks) 
Astronautics is the science and tech- 
nology of space travel. It is a blend of 
almost all scientific and technological 
fields known to man. These sciences 
range from astronomy to zoology. 
Almost everything from aerodynamics 
to sanitary engineering is a part of 
astronautics. 

Therefore, astronautics is at the 
height of modem civilization, the most 
concentrated application of man’s ca- 
pabilities achieved so far in human 
history. This is understandable if one 


Stotloni may b* buill righi oul In *po<« 

considers that upon leaving the earth, 
a space vehicle, whether manned or 
unmanned, leaves behind evetything 
that might support its functioning. 
Man and machine are entirely on their 
own, a tiny world in the vast cosmos 
which surrounds them. Nothing out in 
space supports life. In fact, 
thing threatens its very existence. The 
conditions, so far as they are known* 
are equally hostile to life, or at Jeasi 
to earthly forms of life, on aU other 
bodies of the solar system, be it the 
MOON, other planets or their moons. 
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In this fad lies the main difference 
between the endeavors of modem as' 
tronautical pioneers and the earlier 
European discoverers who sailed 
around the globe. They found mostly 
wilderness, but at least the nature 
around them was fundamentally the 
same as in Europe. They had air to 
breathe, water to drink, wild game or 
vegetables to eat, a blue sky, clouds, 
moderate sunshine and aVmuted range 
of temperatures. There is nothing at 
all on the moon that could be used by 
man for survival. 

CONDITIONS ON OTHER PLANETS 

The abnospheits of other planets are 
without pwsoooua to man. the 

atmospheric temperatures aud surface tem- 
peratures are much hl^er or lower than on 
Earth. The extremes are tremendous. On 
ptviet MeKCURY, nearest the sun, lead would 
melt on the luitaoe. Qa Ptirro. the most 
distant planet known, air would he frozen 
solid. Compared to them, vEtros and wars, 
neighboring planets inside and outside the 
earth’s orbit appear hospitable, although 
even there man or beast would die quickly 
outside the protective shell of the space 
ship, a space suit or a specially constructed 
air shelter. 

Nevertheless, the surfaces even of very io- 
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hospitable worlds, such as the moon, offer 
many advantages over existence in space 
With the means available to modem man, 
especially with nuclear power at his disposal 
and with his technological capability to live 
independent of his environment, he can exist 
quite comfortably on the moon, on Macs 
and possibly also on Venus (although this 
appears to be more difficult) in an artificial 
world of his own, much like in the space 
ships in which he came, but with several 
important differences. 

On Mars or Venus, man has an atmos- 
phere which, although poisonous, neverthe- 
less protects him from the deadly cor- 
puscular space RADIATION. This radiation 
consists of atomic particles, such as protons, 
electrons, and neutrons, which cross space 
at very high velocities, seriously threatening 
living organisms with the destruction of their 
tissue. The atmospheres of other planets 
absorb these as effectively as docs Earth’s. 
The space travelers arc also protected from 
METEORITES, picccs of matter (either stone 
or ice) ranging in size from tiny specks of 
dust to boulders and larger. They cross 
space at high speed and might damage or 
destroy space ships and their crews. Again, 
any atmosphere protects them more effec- 
tively against meteorites than the walls of 
the space ship possibly could. On the moon 
where there is no atmosphere, the same 
protection can he attained by going under- 
ground, by drilling tunnels into the side of 
mountains or by staying at the bottom of 
some of the deep rills and cracks in the lunar 
surface. 

CREATING ARTIFICIAL 
CONDITIONS FOR HUMAN LIFE 

Another important point to consider is 
that ebtmvtal awd waclitar 

technology can literally turn stone into food 
and water by extracting the proper ele- 
ments, such as nitrogen, oxygen and hydro- 
gen. Thus, while empty space offers him no 
conceivable means of support, keeping him 
dependent upon the earth for all new sup- 
plies, there is hope that the inhabiunts of a 
l«sc on the moon. Mars or Venus, will, in 
time, become largely or completely self- 
sufficienL 

Man, with his modern means, can lire 
and work on his neighboring worlds, at kart 
on the motsn wd wa Mars. The most im- 
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poftant ultimate purpose of astronautics is 
to provide him with the means to get to these 
and to other worlds, eventually to the very 
limits of the solar system and, perhaps, 
beyond to the stars. 

EXPLORING WITH MANNED 
AND UNMANNED SPACECRAFT 
Pefore he himself can go, however, man 
must explore space and the conditions on 
other worlds in more detail than he can from 
his place on the earth’s surface. He docs this 
by sending out small robot space vehicles, 
often called spacecraft. They are, tech- 
nologically speaking, the forerunners of the 
large manned space ships of the future. Once 
he has explored sufficiently the conditions in 
certain regions of space and on another 
world, man gets ready to travel himself to 
this .world and explore it in still more detail. 
Man usually will not stay in space, but rather 
cross space on his way to other worlds. Be- 
cause of the nuny dangers to which he is 
exposed in space and because of the limited 
living area which even brge space ships offer 
(after all, flints to the moon take da)!; to 
other planets, months or years) he will try 
always to cross space as rapidly as possible. 
For this he needs space ships which have 
engines much more powerful and efficient 
than those of the little unmanned spacecraft 

PRACTICAL USES OF SPACE 
Finally, as man’s space capability pro- 
gresses. he will be able to uiHizr it, tn 
addition to ejploring it. The small un- 
manned spacecraft with their intricaie 
autonutic equipment and electronic brains 
can be turned into earth satellites for 
impjwed weather prrdictioo and for com- 
mueication, sening as a global post office or 
as global tcksision sutions. The 
manned space ships w 21 serve to pet man 
a routine fasbkn to his extra .t ' ' 



A^IrnnniitlDi 


m. 


Aifronaiitlc 


MAtINU SPACICHAr? 



away from Ific earth — research grounds, to 
research monitoring stations on asteroids 
in special orbits (for example Icarus, which 
periodically gets closer to the sun than even 
Mercury), to his biological testing grounds 
on Mars or Venus or to his fascinating 
research bases on Jupiter’s large moon 
Callisto, which is bigger than planet 
Mercuty, or to Saturn’s moon Titan, the 
only moon in the solar system known to 
possess an atmosphere. Alternately, man will 
build large space stations near the earth to 
implement the activities of his unmanned 
satellites. • 

Astronautics, therefore, can be divided 
into three basic parts: (1) exploration of 


«r.Tcc and of other worldi by rneant of un 
manned spacecraft; (2) expJontion otothe, 
worldi by means of manned space ships 
find (3) praetka! utili/ation of space foi 
m.rn by meant of unmanned and manned 
space vchiclei, 

The utili/ation of other worlds, by estab- 
liihing research bases, for example, cannot 
be considered properly as astronautics 
(which means navigation to the, or among 
the, sUn), but is pan of the surface tech- 
nology of the respective world. 


exploration program 

Preparations for the exploration of space 
and other worlds are under way. First, a 
number of satellites will be established to 
explore the earth frcKn space. This would be 
preparatory to going to the moon. Secondly, 
a program for the exploration of the moon 
itself has been worked out. Thirdly, an inter- 
planetary space research program is planned 
and finally, a program of planetary explora- 
tion. The table on the following page lists 
the periods during which planetary probes 
can Ik launched and their progressively more 
ambitious missions during the sixties and 
seventies. The launch periods arc calculated 
on the basis of a three to four month travel 
lime to Venus, a six to seven month travel 
time to Mars and a two year travel time to 
Jupiter. The missions in at least the first h^ 
of the nineteen-sixties will be flown with 
chemically-propelled spacecraft. Thereafter, 
electrically-propelled spacecraft vrill prolv 
ably be used. These vehicles are propelled 
not by the discharge of combustion gases, 
but by the discharge of electrical particles 
at vciy high speed. 

The manned space flight program began 
nr wiViV Ac bossAvff sd Soviet 

piloted space capsule into an orbit around 
the Earth. The capsule circled the globe lo 
1 OS minutes and was brought safely back to 
earth. Successful completion of this flight 
by Major Yuri Gagarin proved that man 
can live and perform useful work m space. 

The American project Afercury has seirt 
five astronauts through space m both suN 
orbital and orbital flights. Each of Ae 
astronauts had effective control over (*cif 
own capsules instead of just 
gers. With the information gained from these 
flights, Americans can expect a majiwd 
spLe flight program of approximately th 
type summarized on page 160. 



The next step beyond projert Mercury 
is project Apollo. Its purpose is to develop 
a space ship uhich allows man to stay in 
space over extended periods of time and to 
do useful work while in space. Project 
Apollo will raise the flight time in space 
from hours to days Apollo will eventually 
lead to the establishment of functional space 
stations in which a crew of many people can 
live in comparative comfort and carry out 
space research as well as many important 
experiments in the vacuum and under 
weightless conditions 

Following project Apollo, comes the lunar 
landing mission. This will be the first step 
tow-ard a manned moon base. The vehicle 
which will be used for lunar landings must 


already be on an energy level which is com- 
parable to that of a manned reconnaissance 
vehicle to Venus and Mars (which would 
not yet cany out planetary landings). The 
reason for this is that breaking the fall to- 
ward the moon by means of retro-rockets 
(since the moon has no atmosphere to slow 
the oncoming vehicle down) and re-ascend- 
ing from its surface requires as much energy, 
above and beyond the energy required for 
leaving the earth and returning lo it, as 
would be required for a fast round trip to 
Venus or Mars. For this reason it is 
necessary that the moon ship as well as the 
Venus or Mars ship must be powered by 
atomic rocket engines. Therefore, many 
components of the moon ship are likely to 
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be the same as those used for the subsequent 
rectmnaissancc flights to Venus and Mars. 
Thfs (Dcthod not onfy speeds the advent 
of the first manned flight Into the depth of 
interplanctat)- space, but also increases the 
reliability of the equipment and reduces the 
cost of preparing the« eaped/tions. 

PRACTICAL uses OF 
ARTIFICIAL SATELLITES 
The prartkcaf iftdLratKxi of space by means 
cf usmanned spsce schicles will, in the nest 
len >ears, ccocmtratc pnmariJ) on two 
arras; meieoeDL.'jicaJ satcllies and com- 
cncnicatjoa sateELtes. A luriey cf these 
satrC-tcs is presented above 
The pcirpese tSl meieort^'jrxral satc!2.::ei »a 
to pro'sie svrsedlincc cf the earth's ckxjJ 
cx>»rf no a p4.>KU scale, ta order to arti.3 
a ber.ff tsdervundLcg a.?sJ Krpfove the 
pnrdjirt>.xj of txaJ weadier. AirraJj the 
t.-vt nettsri'i.'vfV'aJ saitCjte, /, w»s 

ssaxjo'^fji It f.>nct/a!ied » crTs: l.r 
three aTKirehs aisd thn pers-d pr-> 

d.»;xd ad-a •<! fvct,jr» cf the earth's 

ci.sud cvwer Vo eq*. pasess., hiswoer, c«.*r 
aJl.'wrd tS: tai»^ cf Jsk.r.'ers tse ear.h s 
s-rtdr Sahr Tie’s U was wr.h aa 


infra-red “eye," one which “kcs” heat 
waws, hence “sees" objects in the dark, in 
addition to its regubr T\' camera and 
therefore, could observe Kith the day and 
night silks. The Tiros satellites are Jpin- 
stabtiized, that is. they rotate about one axis, 
the one in which their camera ft fcxrated fii 
this fixed position, the camera kmks at the 
earth only during half of each revolution 
Its successor, the A'litiAiar, will have a 
stabilirafion system to keep the cameras 
pointed to the earth at all limes. Ihuh Tiros 
and Nimbus circL- the earth at a relatively 
hvw aliiiuifc of 350 to 500 miles Tbeir luc- 
ecssof wilf, therefore, still overfcvk enJ/ a 
relatively small port.sm of the |h>f« 

The yiffct sateJI.te will be est iH.shed in 
a.n ofKf which is 23.300 miVs fc.jh lis this 
t-rKt the »areI3.te a^rrUTt'if almost one ha.f 
cf the gJ> 'be at ivsc fiaflcc SUtto^er, if t-he 
sateC-te « over the cq'-aii’T. « wi'uld apT^s/ 
to sia.nJ si.U ever one p.snr on the earth 
because A rtvcfves txet in iri oshit m f-e 
sa.me Lf« the earth rceavs r^oce iKsir ffs 
jt». :♦ K'trs TKs «*'>« » * 
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States at 800 to 1200 miles altitude) from a 
station on the east coast, bounce back on 
its surface and can be received on the west 
coast, or vice versa. The satellite can be of 
spherical shape, but must be rather large (a 
hundred feet or more in diameter). In order 
to package such a satellite in the space of a 
rocket nose cone, it must be collapsible; in 
other words it must be a balloon which can 
be iadated once in space. 

The first collapsible satellite. Echo I, 
proved to be a great success. A 100 foot 
diameter balloon in space, it was made of a 
thin plastic film only 0.0005 inches thick, 
coated with aluminum to better reflect the 
signals. Because its skin was so thin, the 
ten-story high balloon weighed only 136 
pounds and, when folded together could he 
packed info a little sphere slightly over two 
feet in diameter. After the balloon had 
reached its orbital altitude of 800 to 1000 
miles, inflation was accomplished with the 
aid of a sublimating (gas-pioducing) ma- 
terial stored within the balloon. The Echo 
satellifc reflected many messages between 
stations on the east and west coasts of the 
United States. 

A balloon with such a thin skin is easily 
punctured by small meteorites. Then the 
gas, which inflated it, escapes, but the bal- 
loon still does not collapse, as it would on 
Earth, because it is in the vacuum of space. 
However, even at this altitude there exist 
remnants of the earth’s atmosphere. The 
ever so tiny forces exerted by these atmos- 
pheric gases, resisting the satellite’s motion, 
deform the balloon slightly, distorting its 
capability to reflect signals. The more 
advanced Echo satellites will have their hulls 
stiffened by a chemical which is sprayed 
automatically on the balloon’s inside once 
it is inflated. This should give Echo 
satellites in 800 to 1000 miles high orbits a 
very long useful lifetime. 

Once this problem is solved, experiments 
will be conducted by NASA (National 
Aeronautics and Space Administration) with 
a large number of such satellites injected 
into a given, orbit. This vs project Rebound. 
In order to establish an economic and con- 
tinuous communication link between Amer- 
ica and Europe, for example, 12 to 30 
satellite balloons would be required, de- 
pending on the orbital altitude (the higher, 
the fewer satellites are required). 

Wnle NASA pflans to experiment pn- 



marily with passive communication satellites, 
the DOD (Department of Defense) develops 
the active types. These will not simply reflect 
a signal, but receive it and, either imme- 
diately or upon command, retransmit it 
either at the same frequency or at a different 
frequency, and either in all directions or in a 
given preferred direction These active 
types are, therefore, tiny radio stations in 
space, requiring electrical power and being 
in general more complex than the passive 
types. 

The first of these active types was the 
Courier satellite, launched into a 600 to 750 
mile high orbit and transmitting well. A 
more powerful active communication satellite 
(Advent) will be launched into the 24-hour 
orbit in 1963 as the first step toward a global 
communtcafioa network. TTius, as the dates 
in the tables show, space utilization will begin 
to bring interesting and important benefits 
in kss dvan ten years after the beginning of 
space flight. As time goes on, astronautics 
will make the vast space beyond the atmos- 
phere more and more firmly a part of man’s 
world. K. A. E. 

SEE ALSO: astronaut, cosmonaut, rock- 
ets, space medicine, space travel, space 
vehicles 





Star* never before seen or onnfyzed ore now being "discovered" by radio leleicope 


Astronomy Astronomy is the study of 
the heavenly bodies. The sun, moon, 
planets, stars, meteors, comets, and 
outer space itself arc the objects of 
study for astronomers. Astronomy is 
one of the oldest sciences, and it prob- 
ably has the most interesting and 
exciting future. 

The earliest men on Earth saw the 
moon and the beautiful patterns of 
the stars at night. During the day they 
were aware of the large light in the 
SKY, the SUN, which is now known to 
be a necessity to life on Earth. They 
wondered what caused day and night 
and what caused the regular changes 
of SEASONS. The very earliest practi- 
cal application of the study of the skies 
was the making of clocks and cal- 
endars to measure time. Early 
farmers needed a calendar to know 
when to plant their seeds so that their 
crops would survive. Decausc of their 
ability to predict the seasons, the men 
who studied the stars were considered 
very wise. People belies ed that they 
could predict and explain all kinds of 
happenings. The unscientific attempts 
to interpret man’s past and predict hts 
future b>' the stars is called astrol- 
ogy. Some people still belies e in it. 

The aecires cceerpt rf the cai'coe seemi 
srrv •-■d Slmj 

esr® heLekrd thil the ca-nb «t fiat and 
Jiai the liy « brye doeae. cr b.-*!. 


fitted over the earth. The sun, the moon, 
and the stars were lamps that were hung 
inside the dome. Later, when it was sup- 
posed that Earth was round, men thought 
Earth was the center of the universe and 
that the heavenly bodies revolved around 
it. COPERNICUS, an early astronomer, ob- 
served the skies for many years. Near his 
death he published a theory that the sun, 
not the earth, was the center around which 
the heavenly bodies revolved. Galileo 
helped to publicize and prove this theory. 
The idea that Earth was not the center 
of the universe was a difficult one for ^n 
to accepL It contradicted their religious 
beliefs and their established self-ceniered- 
ncss. Galileo, when he was old and sick, was 
forced to publicly deny the idea that he had 
come to hflicve. 

Galileo was one of the tint astronomers 
to have the help of the telcscope 
the skies. With this new invention In the 
sixteenth century, many discoveries »w 
made. New stan and new pbneii coukJ be 
seen The milky way was seen to be a mass 
of individual stan. 

With a truer understanding of the reu- 
tionship between the sun and pbneti. 
and with more and more powerful 
curate telescopes, astronomers began to p 
together more knowledge about i.he heav^ 
to eiiend the lunifs of space, and fo come 
nearer the modem view of lU 

Today it is known dui Lbe lun h ,i«f ^ 
of the H!!.o«s c/ lurs that are m « 
verve. There are nme knrrwn f^Unett 

Earth. Mars. ^ 

pane, and Pluto. The «« 

that rrvWvc ar^YUsd a are c*-ed 

nSTlM Futv-re avrrev^rv t«y 

that tSrre a'e ^ * 

wuh iff »• 
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Astrophysics Aslropliyslcs is a science 
which deals with the constiluiion, 
physical cliaraclcristics, and motions 
of STARS and other celestial bodies. In 
astrophy.s/c.s, the theories of rttvsfcs 
arc applied to ASTRONONty. 
Asymmctiy see Animals, classifica* 
lion of; Protozoa 

Atnsism Atavism Is the reappearance 
in a living being of characteristics 
which have not been in its ancestors 
for several generations. 
see: heredity 

Atlantic Ocean sec Oceanography 
Allas see Rocket 

Atmosphere (AT-muss-fcrc) All 
around the earth, like a protecting 
blanket, lies the earth’s atmosphere. 
Men have been at work since the be- 
ginning of time trying to find out more 
about it. Now, in the age of air travel 
and atomic explosions, men must 
know what air is made of, how it 
moves, and the forces at work in it. 

COMPOSITION 

The atmosphere is often described 
as an ocean of air. Of course, it is 
much more vast than any ocean of 
water men know about. Because it is 
so large, knowledge of it is important. 
What has been discovered alrout the 
atmosphere, however, has increased 
the scope of air travel and made radio 
and television possible. Some meteor- 
ologists who study weather think the 
atmosphere is about 600 miles thick. 
They know it has four properties that 
keep people alive: (1) the power to 
protect the earth from dangerous ex- 
tremes of heat and cold; (2) the 
necessary gas for life — oxygen; (3) 
the ability to screen out the deadly 
portions of the sun’s rays; and (4) the 
ability to store and carry moisture. 
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Atmmphtre 

^t<Kity ct the pi moftfcufcj, bccauw of 
ni?h temfxtaiufCt alfowctf m<Kt of (hem to 
«capc (he jtfavifaticnal field Into outer 
Jp3«, 

Ai (he earth grew coWef, changes took 
rJjcc on J(» cnJii and in id srmosphere. Wa- 
ter vapor, nitrogen and carbon dioxide which 
Kid been dissolved in (he liquid rock began 
(o fill (he air. fn modem times, volcanic 
eruptions give some idea of (be composition 
of (he atmosphere at this stage of its dc- 
sxfopment. It was still highly poisorsous. 

L'ventuaiiy rain reached (he earth, forming 
riven, lakes and oceans. Large amounts of 
carbon dioxide in the atmosphere became 
part of the earth's crust or dissolved in the 
oceans. The componenij which were to 
make the development of life possible in 
later ages were already evident in the atmos- 
phere, according to such scientists as Oparin 
and Urey. Then the thick dark clouds sur- 
rounding the earth parted and allowed 
sunlight to penetrate for the fint time. There 
followed a period of gigantic storms and 
great upheaval. During this time, organic 
substances entered their first phase. Then 
oxygen made its appearance. How it arrived 
upon the scene at the right time is the subject 
of a number of theories, but it is certain that 
once oxygen was present in the atmosphere, 

(he evolution of higher life and man from 
primitive cells was possible. 

LAYERS 

The atmosphere may be divided 
into layers, or zones, each with its 
own characteristics. The layer which 
people move about in every day, and 
which is said to extend to an elevation 
Of about 35,000 feet is called the trop- 
osphere. This is a suitable name 
because troposphere means “region of 
turning, or change,” and in this layer 
Weather changes take place. Above it 
is a thin layer, the tropopause. that 
separates the troposphere from the 
stratosphere. The name stratosphere 
comes from the Latin word stratum, 
meaning “layer.” Above the strato- 
sphere are three more layers— the 
ozonosphere, the ionosphere, and the 




Atmosphere 

The outer edge of any given part of the 
troposphere varies according to its position 
in relation to the earth. Where it measures 
about five miles at the poles, it increases 
to eleven miles in depdi at the equator. 
This variation is due to the greater density 
of the air over the cold pobr re^on. The 
cENTKiFUGAL force at the equator causes 
the air to bulge out from the earth. The 
•warm air over the equatorial region is less 
dense than that over the polar rcpon. 

In the troposphere meteorological changes 
take place as cold, dry air masses meet 
warmer, damper ones. Generally speaking, 
as one ascends into the atmosphere both air 
pressure and temperature decrease. The 
weight of the air causes a dense gathering of 
molecules at sea level to which man's body 
is adjusted. Six miles above the earth, how* 
ever, the air is already so thin — the 
molecules so far apart — that a man would 
soon suffocate. Pressurized cabins on air* 
planes have been designed for survival of 
people. Man has similarly adjusted to sea 
level temperatures and would find it 
impossible to live through the temperature 
change in an unprotected ascent into the 
troposphere. From 20*C at sea level, the 
thermometer falls to minus 50* to minus 
80“, depending upon the starting point 

Up that far, the sky appears deep blue and 
cloudless, more blue than when viewed from 
earth. At high attitudes, there are few parti- 
cles of dust or clouds to scatter the bght as 
they do close to the surface. Gouds also 
help to absorb or screen out the wave lengths 
of the sun which are harmful to man. Far- 
ther out in the atmosphere, the sun's nys 
meet far fewer air particles to break them 
up and disperse them. The sky then looks 
biack and the sun standi forth in gbnng 
while intensity. 

Unlike the troposphere, the siraiosrhert 
is characterued by clear, dry air which is 
extremely thin. No rain or show exists here, 
cot even clouds. There is so Lttle air pres- 
sure at this height of about fourteen mites 
that a nun's blood wrould literally boll if be 
left the protection of his cabin where near 
normal pressures are maintained for him. 
The temperature, too, has consUnUy 
dropped, and continues to do this until the 
ozonosphere 'u reached. 

la the oeofwrrVre t-V thermometer 
shows an increase in temperature, long a 
pimle to ins^tigatora. Afi Ote physieo. 
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|( a laUllit* eoin«l back Into lh« towar parts of 
the almasphara, il may bum up 


chemical reactions which take pbcc in this 
area arc far from being understood, but it is 
known that the action of short raoiation on 
the oxygen molecules causes them to split 
and somehow form a new substance, ozone. 
During the process, heat is liberated to the 
extent the thermometer rises to more than 
30* C at 32 mites up Although the ozone 
formed is itself poisonous, this layer is 
called a life-saving one, because the damag- 
ing ultra-violet rays from the sun lose much 
of their power here when they become in- 
volved in converting oxygen into ozone. 
Animal and plant life is again protected and 
preserved. 

Above the ozone layer, the temperature 
again falls to minus 70“ C Going mto the 
ionosphere, the air molecules are so far 
apart they no longer transmit sound of any 
kind. All is silence. From this height, the 
curvature of the earth can be cfcarfy seen 
against the black sky. The surface of the 
earth appears as an indistinct design The 
identifying characteristic of this layer U the 
change in electrical action. The air is now 
electneaUy charged, and most tcientists de- 
scribe the ionosphere in terms of electrical 
layers. This part of the atmosphere accounts 
for the ghostly pobr lights, aurora borea- 
lis ind aurora australis, and the reflection 
and transmission of radio wares. 

On the outer edge of the atmosphere, the 
air trails thinly into space, much as the 
smoLe of a campfire seems to float outward 
and disappear into the air. The gjasiutional 
puH at this point acts very weakly on the air 
particles, some of them escaping into ewter 
space. cRhers bouncing back into lower 
layen. This last b>cr » cafied etosphere. 
from the Greek ■word, exo, meaning “oct- 
skle." This IS the uppermost portion of the 
aanosphere surioancfing earth. Iky rod ih.t, 
SfACi begins. t. m. h. 

St£ also; lARTtI, SFACt UrMONt 
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Atoll (AT*oJ) An afoJl is an /sland 
built by liny animals that live In warm 
ocean waters. These arc called coral 
animals and their skeletons form coral 
rock. CORAL is formed where water is 
not deep. Coral islands or atolls may 
be formed on lops of underwater 
mountains or old volcanoes that are 
just below the surface. Coral is built 
up on these mountain tops for many 
years until it comes to the surface. 

An atoll is either circular or horse- 
shoe in shape and surrounds a calm 
lagoon. The islands range from one 
to one hundred miles around. The 
depth of the lagoons are from about 
one hundred to three hundred fifty feet. 
Atolls are found by the thousands in 
the tropical areas of the Indian and 
Pacific oceans. 

CHARLES DARWIN’S explanation of their 
formation ts the most believable. First of all, 
coral animals build a reef along the shore 
line of a volcanic peak. Then wind and rain 
gradually wear down and eventually destroy 
this peak. The reef continues to grow up- 
ward, however, only a few feet above the 
surrounding water. At last only the coral 
reef remains surrounding the sunken island. 

Only a few things live on an atoll, coco- 
nut palms, breadfruit trees, and pandanus 
trees comprise the plant life. Rats and land 
crabs are the only animals. Fish can be 
found in great quantity in the lagoon and 
the surrounding waters of the reef. 

Since the 1940’s atolls have achieved 
some prominence, for it was on Eniwetok 
and Bikini atolls, for instance, that the 
atomic and hydrogen bomb experiments took 


Atom Suppose that a person could 
lake a piece of gold and divide it into 
two pieces, lake one of these pieces 
and divide it again, and continue until 
the tiniest piece of gold could be ob- 
tained. That piece or particle would 
be an atom of gold. 

An atom cannot be seen by the 
naked eye nor by the use of the most 
powerful microscopes scientists have 
developed. An atom is so small that 
it would take 250,000,000 of them 
placed side by side to measure a space 
an inch long. 

The atom can be considered a miniature 
solar system with a nucleus composed of 
neutrons and protons in the center and 
electrons whirling around it much as the 
planets revolve around the sun. 

These subatomic (smaller than an atom) 
particles are bundles of electrical energy. 
The electrons cany a negative charge and 
the protons cany a positive charge. The 
neutrons carry no charge. Since the number 
of electrons equals the number of protons, 
the atom is electrically neutral. The number 
of protons present determines the atomic 
number of an element. For example, the 
hydrogen atom has one proton and one elec- 
tron. Its atomic number is one. The helium 
atom has rivo protons, two ncu^ns, and 
two electrons. Its atomic number is wo. AU 
the elements except hydrogen contain cl«- 
trvjns, protons and neutrons. Hydrogen has 
no neuuons. Moreover, all the atoms of one 
element resemble one another in 
and chemical properties but are dinerent 
from atoms of other elements. AH atoms 
with two electrons w’ould be helium at(^ 
and they would exhibit similar properties. 
Therefore, the number of protons and tnc 
namber ot electrons present determine me 
particular clement. 


ATOMIC tVEIGKT 

The nucleus has most of the weight of the 
,m although it is 1 0.000 times smaller 
atom. The proton and the ^ 

Igh nearly 2,000 times as much as W 
-iron does. Therefore the weight of JW 
itron is almost negligible in determin S 


Atom 
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While the number of electrons and pro- 
tons in an atom does not change, the number 
of neutrons can vary. The various forms arc 
called ISOTOPES of an clement. For example, 
uranium can have an atomic weight of 234, 
235, or 238. 

Since there is no direct method of meas- 
uring the weight of atoms, all weight 
numbers must be relative. Until 1960, the 
mixture of three natural isotopes of oxygen 
was the international chemists' standard. 
Because oxygen atoms were known to con- 
tain eight neutrons and eight protons, the 
standard value of 16.0000 was assigned. 
Then the atomic weights of all other elements 
were figured as smaller or larger multiples 
of the oxygen weight. But in 1960, scientists 
all agreed to make non-rad loactive carbon- 
12 the standard. As a result, the tables of 
atomic weights will be reduced by only 
.000037; and carbon becomes 12.0000, 
while the natural 3-isotopcs oxygen becomes 
15.9994. For rough calculations, oxygen 
may still be taken as 16. 

If an atom were made the size of a foot- 
ball stadium, the nucleus would be the size 
of a B-B shot. Therefore, it would seem that 
most of the atom is empty space. If this is 
true, why is it impossible to walk through a 
door or any other solid object? This phenom- 
enon may be explained by a simple illus- 
tration. A propeller of an airplane has three 
blades which can be seen plainly when the 
propeller is idle or when the propeller begins 
to spin. As soon as the airplane is aloft and 


the blades are spinning at a high rate of 
speed, they appear to be a solid mass Be- 
cause electrons move around the nucleus at 
tremendously high speeds, the same thing 
happens to an atom. 

ATOMIC ACTIVITY 

The atoms of one element can combine 
with the atoms of another element to form 
compounds. The electrons determine whether 
or not one element will combine with 
another element. The electrons also deter- 
mine how the elements will combine, i.c., by 
sharing, borrowing, or lending electrons. 

The atoms of some elements, particularly 
METALS, tend to lose electrons and to be- 
come positively charged. Other atoms, like 
those of non-metals, tend to gain electrons 
and to become negatively charged. The 
atoms of a few elements do not combine 
with the atoms of any other tlcments. All 
these are gases and include helium, neon, 
and argon 

The atoms of uranium, radium and other 
heavy elements contain more neutrons than 
protons. Usually these atoms are not stable 
and are continually splitting and shooting out 
particles. 

The phenomenon of atoms splitting can 
be observed by looking at the luminous 
numbers on a clock or a watch in a darkened 
room with a msgnifjing gbss. The flickers 
of light which appear are atoms of radiom 
splitting. 





Atom smasher 


Elements whose atoms split by themselves 
are called radioactive elements. Ernest 
Rutherford, an Australian physicist, discov- 
ered that radioactive elements gave off three 
different kinds of rays. He named these rays 
after the first three letters of the Greek 
alphabet. The alpha rays were strong but 
could travel only a short distance. The beta 
rays vrere weaker but traveled one hundred 
times as far as the alpha rays. The third rays 
were more penetrating than the first two and 
resembled x-rays. 

Further experimentation revealed that 
alpha particles (rays) carried a positive 
charge and that they were actually helium 
atoms from which two electrons had been 
removed. Beta particles were electrons shot 
out of the nucleus of an atom. 

In order to understand what happens when 
atoms split and break down, suppose one 
started with an ounce of some radioactive 
element. Imagine that in one hour, half of 
the material has been used by radioactivity. 
In another hour, ^ of the material is left 
and in still another hour ^ of the material 
is left. The rate slows down as the amount 
of material diminishes. The time needed for 

of the radioactive clement to disappear 
is known as the half-life of the element. 

Radium has a half-life of 1560 years. That 
means that if one began with one ounce of 
radium it would take 1560 years for 
ounce to be used. It would take another 
1560 years for ^ of what was left to be 
used, etc. While radium is breaking down, 
energy is being given off. There is as much 
energy given off from one ounce as in the 
burning of ten tons of coal. It is this energy 
which scientists are harnessing. v. b. l 
SEE also: chemistry, nuclear science 
A(om smasher see Accelerators 
Atomic bomb see Bomb 
Atomic energy see Nuclear energy 
Atomic number see Atom, Elements 
Atrophy (AT-truh-fec) Atrophy is the 
wasting away or decrease in size of a 
cell, tissue, or organ. It sometimes 
makes a person unable to move about 
or to use a part of his body. 

Atrophy may be temporary, occurring 
after * part of the body has been disabled for 
some time. For example, after a leg fur been 
broken and left in a cast for several weeks, 

Mtve-tx nf tlw* W faecome smaller. 
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The leg has to be exercised and the muscles 
rebuilt through use. 

Atrophy of tissues also occun when 
nerves supplying them are injured, severed, 
or affected by disease. If nerve damage is 
permanent, as in some cases of poliomye- 
LITIS, the atrophy is progressive and cannot 
be stopped. When hormo.nes are not circu- 
lated in large enough amounts, glands and 
other tissues which they govern undergo 
atrophy. 

Also, in old age tissues tend to atrophy. 
The parts most affected by the atrophy of old 
age are the skin, reproductive organs, muscle 
and cartilage tissue, and occasionally the 
brain. V. V. N. 

see also; endocrine SYSTEM, MUSCLE 
SYSTEM 


Atropine (AT-truh-pin) Atropine is a 
drug used in medicine. It is obtained 
from the leaves and roots of the bella- 
donna plant, also known as deadly 
NIGHTSHADE, It has been used by phy- 
sicians for many centuries. 

Atropine is used to dilate the pupils of 
the eyes when people arc examined for c^- 
glasses. It reduces the secretions of the 
glands of the body that are ander the control 
of the AUTONOMIC NERVOUS SYSTEM. It 
also constricts the blood vessels, relaxes the 
bronchioles of the lungs, and quickens the 
heart beat. It is helpful in treating heart 
failure, asthma, mumps, and in preparing 
patients for surgery. 

Atropine has the chemical structure of an 
alkaloid, and is related to caffeine and 
caine. It is antagonistic to the 
parasympathetic nervous system. It blocks m 
action of acetylcholine, a 
which is released at the nerve ending ^ 
sympathetic fibers in the organ ceils in which 

the action takes place. 

The pupils of the eyes 
because the muscles that contract^ ^ 
arc paralyzed by the atropme. 
stiktot muscles of the br^htal J*" 
the intestine arc inhibited 
«, that the bronchioles and 
relaxed. The secretions f ^ 

and other glands are also ^ 

these tissu^ no longer rereive 
from the parasympathetic oetifobore^ 


Attar see Perfume 
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Auripa (nvv-RY*pali) Auripa Is a pfoiip 
of stars that is tJmupht to resemble 
the driver of a channl. Tlie main stars 
of tilts coNsti 1 1 ation form a fisc- 
sided figure in tlic sky. Tbcrc is one 
very brigJjt .star in fitis group, Jts name 
is CapeHa. Near Capella arc three 
fainter stars that form a small triangle. 
These are called The A'Wj. The best 
time to look for Auriga is in winter. 

Tradilionally, the Chariniccr « supposed 
to represent the first chartot-Unver, t-rich- 
Ihonius, Erichthonius >vas the son of VuJean 
and Miners'a. llccause he ssas crippled and 
could not get around very uelJ, he invented 
the horse-drawn chariot. In recognition of 
this invention, a memorial to him was made 
in the heavens. Some legends say that the 
charioteer is Phaeton, the son of Apoflo. 
One day Phaeton borrowed Apollo’s chariot, 
and when he tried to drive it, he was over- 
turned. Capella, the bright, beautiful yellow 
star, is sometimes called The Goat. The 
goat and her kids were given a place in the 
stars because the king of the gods, Jupiter, 
was supposed to have drunk goat’s milk 
as a baby. Ancient Hebrews called this con- 
stellation The Good Shepherd. c. L. k. 

Aurora boroalU, or Norlhorn Uglili, ii 


Attrpfs Imrralif (uli-RORE-rith boft- 
rcc-At.-i'i) An aurora borealis is a 
bcauilfiil display of moving colored 
bglifi in ibc noflhcrn rright sky. It is 
somciimes callctl the Northern Lights. 
Auroras in the soulhern part of the 
wor/tl arc called the Southern Lights 
or attrnra australis. The two arc both 
called aurora polarls. 

Auroras occur about 60 mites above the 
earth and may csiend for hundreds of miles 
upward. They arc most often green or ye^ 
low -green, yellow, and red. Sometimes 
sh-idcs of blue, gray and siofet also arc seen. 
The shapes and movements vary widely. 

Auroras arc believed to be related to 
sunspots, storms on the sun that send off 
electrical panicles. About 60 mDcs ab<w 
the earth the atmosphere becomes very thin. 
There is almost a vacuum there. When 
these particles reach the thin atmosphere, 
they cause the rarefied gases to glow. The 
varied colors arc probably created by the 
interaction of the electrified particles from 
the sun with different kinds of gases. 

The theory that auroras are electric 
display s is supported by the fact that they 
bear a consistent relationship to the magnetic 
poles. There are definite areas near the 
north and south poles where auroras occur 
most frequently. The best area to observe 
auroras in the northern hemisphere is 
around the Hudson Bay, where auroras m- 
cur about two out of every three nigWs- 
Auroras can be seen fairly often in the 
northern Vnited Stales. On rare 
they have been seen even as far sootn as 
Florida or Louisiana. *" 

a diiplay of color leen In Ih* 




Australia Australia is the smallest 
CONTINENT, but it is the largest is- 
land in the world. Its area is about 
3,000,000 square miles, or ^ less 
than the United States. It lies south of 
the equator and south of asia. It is 
completely surrounded by waters of 
the southwest Pacific Ocean and the 
southeast Indian Ocean. Australia is 
very far from other lands except south- 
east Asia and the south Pacific islands. 
By air, Melbourne is almost 8,000 
miles from California, over 7,000 
miles from Brazil, 6,000 from Bom- 
l^ay, India, and 5,000 miles from 
Tokj’o, Japan. 

Australia is a land of strange ani- 


mals and plants like the kangaroo 
and the bottle tree. They are found 
nowhere else. Its native people, or 
aborigines, had a very primitive cul- 
ture before the coming of the white 
man. This was because of the great 
distance between them and other peo- 
ples from whom they might have 
learned new ideas. The aborigines live 
on reservations in the northern trop- 
ical region. 

LAND FORMS , 

The central and western parts of Australia 
are a great plateau with an as-eraee eles-a- 
tion of 1,000 feet. Toward the west and 
northwest, upland ranges may reach 4,000 
feet. Eastward from the plateau is a great 
basin. This plains region is far from being 
entirely flat. Toward the eartem coast, a 
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Along the southern coast, toward the west 
and the east, a Mediterranean subtropical 
climate is found. Most of the rainfall is in 
the winter. Winters are mild although the 
temperature may occasionally fall below 
freezing. Summers are hot. Most of the cast 
coast area of Australia has a humid sub- 
tropical climate similar to that of Florida. 
Rainfall is adequate and falls in every month. 
This is the climate in which most of the 
people of the country live. 

One other climate is found along the 
coast of southeast Australia. This is the tem- 
perate marine climate similar to that of 
Washington and Oregon. Melbourne, in 
southern Victoria, Tasmania and New Zea- 
land all have a temperate marine climate 
which is very mild for its latitude. Raliifall 
is abundant. 

RIVERS AND DRAINAGE 
The Murray-Darling river system is the 
largest drainage system in Australia. Its 
length is about 2.300 miles. The Murray- 
Darling drains the great central basin. Its 
waters provide irrigation and generation of 
electric potter. Many rivers in the arid in- 
terior merely disappear in the dry soil over 
uhich (hey flow. Rivers along the north 
coast in the monsoon rainy season may be 
big, but in the dry season they are almost 
dry. The short rivers tthich drain the eastern 
slopes of the Great Dividing Range run into 
the Coral Sea. Those tthich drain the south- 
eastern slopes run into the* Tasman Sea. 

PLANTS AND ANIMALS 
Because Australia is so isolated 
from the other contmcnis, it has many 
unique animals and plant forms. The 


laying aquatic mammal with a bill like 
a duck’s, webbed feet, a tail like a 
beaver’s and fur like a mole’s. It pro- 
vides its young with milk. It is prob- 
ably a link between mammals and 
earlier forms in the history of evolu- 
tion. The bottle tree is also unusual. 
Its trunk may hold up to 80 gallons of 
water during the summer. 

Another famous tree native to Aus- 
tralia is the EUCALYPTUS. It can live 
and flourish in arid (dry) lands when 
other plants fail to survive. It sends 
roots down and out many times longer 
than its trunk. The eucal:^tus has 
been planted for shade in arid regions 
of the American southwest and else- 


where with success, 

Australia is best known for the 
KANGAROO, a member of the mar j 
piAL family. Actually, there 
types and sizes of kangaroo. The la^ 
kangaroos and wallaroos 
found in zoos around the world, 
hind feet of adults measure ow ten 
inches. The large hind legs and 
long powerful (ail account 
kangaroo’s 

stance and for its aWity , 

distances. It has relatively small 

feet. The wallaby ts a 



Th« Taiingnlqn wolf (loft), found only In Australia, is on almost oxtlncl marsupial. Tho Flamingo 
orchids (contor) are a recently discovered species. Tho spiny antealor (right) is a primitive mammal 


from six to ten inches. A tree-climbing 
kangaroo is still smaller with front and 
hind feet almost equal in size and a 
less powerful tail. Kangaroos eat 
plants. Females carry their young in 
a pouch. 

Another animal unique to Australia 
is the KOALA BEAR, a tree<limbing 
marsupial. It is native to the wet tem- 
perate areas of the southeast. The 
koala is a double for the toy “teddy 
bear” given to children in Europe and 
America, It grows to a height of 
slightly over two feet. The cub spends 
the first six months of its life in its 
mother’s pouch. The koala eats the 
leaves and tender shoots of some spe- 
cies of the eucalyptus tree. 

Native to Australia also are two strange 
flightless birds, the lyre and the emu. The 
former mimics the sounds made by other 
birds and animals. It spreads its tail feathers 
in the shape of a lyre. The emu is a large 
bird related to the ostrich and grows to a 
height of over six feet. 

Australia has 
ous forests 
mountains 
east, and 
northern 
the at' ■ 


crals of importance are coal, oil, zinc, silver, 
uranium, lead, copper and iron. Most of the 
wealth of Australia comes from sheep, cattle 
and farm products. At least one-fourth of 
the world’s wool comes from this continent, 
and wheat is an important crop. 

Australia has become a world leader in 
the production of raw materials. J. n. d. 
SEE also: desert, earth, geography, na- 
tural RESOURCES 

Autogiro (otto-JY-row) An autogiro 
(sometimes called a gyroplane) is an 
AIRCRAFT which belongs to the rotat- 
ing wing family. The craft has a body, 
or fuselage, somewhat like an ordinaty 
small AIRPLANE, but it also has a large 
propeller (called a rotor) mounted 
horizontally, like an umbrella, over- 
head. 


head rotor, the autogiro bears EfyU 


Ae HELICOPTER. Tfce rotor 
tilted bact slightly and « 
nccted to the ecpse whxh 
propeller. As the pfrae 
forwRid for the 
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Automatic control lett men work with ore do»t 
that once wot discarded a« hazardouc 


Automation Automation is a way of 
making things or getting work done 
with little or no human help. Some- 
thing is “automatic” if it works by it- 
•self after being started. Automation 
is a process within one machine or a 
process using many machines. The 
process is automated if guided by 
control devices which keep it moving 
as desired without much attention. 
Automation saves man much labor. 

The word “automation" is relatively new. 
It did not appear in many dictionaries until 
after 1953. This word is an outgrowth of 
the word “automatization" which is difficult 
to pronounce; however, it has the same 
meaning Automation actually has a double 
meaning since it can be used to refer to both 
automatic operation and the process of 
making things automatic. 

HISTORY 

Ai early as 1784, OIner Ei-ans built an 
automatic floor mill outside PbiladeJphia, 
In 1801, Joseph .Vtane Jacquard built a 
loom which was run from a system of 
punclied cards that became so popular that 
cjser a thousand erf these machines were sold 
in France alooe The punched card ss'sfem 
erf automatic control was not res bed again 
terta after W'ortJ VVar II when H wei receig- 
nired as a meam erf supplying information 
to Urge electfopjc coMfciiia. 

PrcrfiaNs ooe trf the cartest automatic 
crcinrf desices was the govertor cm the 
steam ccfs>t bsult b> Jsufs w»tt. This 
des-tce used crefif-’gaJ forte to regulate 
the amcnmr erf strars tsppUnJ to the drisisg 
pfeoB. OJier eaatrgles erf early anrmprs at 
«-'o<aal«.Ti are fit ectirv gis; 

i- rs.w^ 


and the repeating rifle, designed by Henry 
and built by Winchester Repeating Arms 
Company, in Massachusetts. These inven- 
tions represent attempts at automation in 
three different areas. The cotton gin was 
one of the first semi-automatic processes in 
indusliy. The reaper was the beginning of 
highly mechanized farming, and the repeat- 
ing rifle completely, changed the tactics 
employed in warfare. These are all ex- 
amples of individual pieces of equipment 
being automized. 

Henry Ford is probably the one person 
who had the most to do with the automation 
of an entire manufacturing process. He 
revolutionized the automobile industry by 
his introduction of assembly line methods. 
Today, very few products arc not built or 
processed by assembly line techniques. 


AUTOMATIC CONTROL 
Control can be as simple as flicking the 
switch which turns an electric light on or 
off, or it can be as complex as the inertial 
guidance systems which keep the large 
satellite rockets on their predetermined 


course. 

fn the driveway of a home, a light on a 
pole operated by a time clock in the base- 
ment is analogous to what is called open- 
loop control. Here, on and off is the only 
process one may wish to exercise with a con- 
trol. One of the most important advantages 
of the open-loop system is that the control 
itself, which in the case of the pole light was 
the time clock, may be placed at a great 
Unce from the object or machine which it 


controls. 

There are, however, many dtsadvanfa^ 
to the open-loop system which make the 
exclusive use of this system difficolt in most 
applications of automation For 
if the predetermined time set on tt« ci« 
ivhich contro/s the light h earlier 
[imc of sunset, it will turn the 

rime rerardlcss of whether the Bg 
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needed. In other words, there is no possible 
way tor the time clock to tell itself not to 
turn the light on until the sun has set and 
to turn it off again when the sun rises. 

Since the open-loop system has no meth- 
ods of correcting errors which have been 
made in control, a system which could cor- 
rect errors had to be devised. This particular 
system is called the closed-loop method of 
control. An example of a closed-loop 
control is the thermostat, which regulates the 
temperature of a room or area. Here, the 
only human operation which is performed is 
the setting of the dial. When the tempera- 
ture in the room drops below the desired 
level, the thermostat tells the furnace that 
heat is needed m the area. After the 
furnace has sent a sufficient amount of heat, 
the thermostat again tells the furnace that 
the temperature is now at the desired level 
and the furnace shuts itself off. This action 
is unlike that of the time clock because the 
clock could turn the light on when it was 
not needed. The thermostat called for heat 
only when it was actually needed. 

When a very efficient system of control is 
desired, both the open-loop and the closed- 
loop systems must be employed in the 
complete system of control. The entire 
process of steering an automobile can be 
considered a combination of the two sys- 
tems. The steering mechanism of the car 
itself is an open-loop, since the wheel will 
turn either right or left. The driver provides 
the closed-loop part of the system by 
controlling the direction the wheels are to 
be turned and the amount of turning 
necessary. 

This combined system operates somewhat 
in the following manner. When arriving at 
a turn in the road, the driver turns the 
wheels, steering the car around the curve. 
If he turns the wheel too far, his car will 
tend to move from the lane in which he is 


driving. Noticing this, he corrects the steer- 
ing by turning the wheel slightly to the 
opposite direction, thus correcting his 
previous mistake Here, the driver’s eyes 
send out a correctiou signal which provides 
alteration and correction of the onginal 
energy output. 

Another technique in control is known as 
hunting in a closed-loop control Using the 
example given above, suppose that when 
the driver corrects his first mistake he 
actually corrects it too much and the car 
tends to leave the lane in the opposite direc- 
tion. Agam his eyes send out a corrective 
signal and once more he corrects his 
steering. This condition of over-correcting 
is known as "overshooting" or "undershoot- 
ing ” In certain systems, the hunting 
frequency can become quite large and the 
correction created can be more harmful than 
beneficial It is for this reason that 
"damping" has been built into most closed- 
loop controls This damping prevents 
immediate correction of a previous action. 
Such a device is incorporated into the 
thermostat mentioned before To prevent 
the furnace from constantly being turned 
on and off, the thermostat allows the 
temperature to rise a few degrees above the 
set temperatures and also allows it to fall a 
few degrees below before actually operating 
the furnace. This variation from the desired 
value is called ihe diSerential range of the 
control. 

Automation is more than just automatic 
product ion U automatically makes the de- 
cisions rvhich man’s senses would show to be 
necessary in altenng the control of produc- 
tion. Hectronic computers may solve 
problems much faster than man. These can 
store and recall (remember) information 
needed to solve the most complicated 
problems. Computers can also control many 
operations simultaneously, a task which is 
difficult for man. A. E. L, 
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Automobile The automobile is a land 
vehicle used on streets and roads. It is 
also called a car or an auto. France 
claims the first automobile which was 
invented about three hundred years 
ago. This car had a steam engine and 
three wood wheels. Today automo- 
biles use gasoline in their engines and 
have four rubber tire wheels. During 
the past seventy years, automobiles 
have caused more changes in daily 
living than any other machine. With 
automobiles, man can travel more 
widely and live farther from daily 
work. 

The modein automobile is made up of the 
engine, the transmission of power to the 
wheels, the steering mechanism, the body 
and frame, the brakes, the tires, and the 
accessories. 

THE engine 

The engine is the heart of the automobile. 

It provides the power which turns the 
wheels. Its major parts arc the pistons and 
cylinders, the connecting rod, the crankshaft, 
the fuel system, the ignition system, the 
cooling system, and the lubrication system. 
This type of engine is called an internal 
combiuticn engine. 

The piston works very much like a cannon 
shot from a cannon (or the cylinder). 

‘ ■ the piston is pushed by the explosion 

* fuel in the cylinder, it thrusts the eon- 


crankshaft. Modem automobile engines 
have four, six, or eight pistons connected 
to the crankshaft. The revolving crankshaft 
is in turn connected to the mechanisms 
which rotate the wheels. 

Nearly all gasoline automobiles operate 
on four strokes and are called four cycle 
engines. The piston moves the length of 
the cylinder four times to take in gas. com- 
press the fuel mixture, bum it, and remove 
the waste products of the combustion 

A modern automobile engine u***^ the lofert 
otioy), testing and stomping techniques, ond 
advanced engineering design to Increase em- 
ciency, durability and power 
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Jbrouglj Jjjc exhaust pipe and btc muffler. 
Tlie entry of pasolinc vapor and air into each 
cylinder is controlled by the intake valve. 
Tlie waste products from each cylinder are 
regulated by the exhaust valve. 

The fuel system, generally using gasoline, 
provides the explosise mixture sshtch causes 
the pistons to push the connecting rods. In 
turn, the connecting rods compel the motion 
of the crankshaft. The fuel is stored inside 
the gasoline tank. From this tank gasoline is 
pumped by the fuel pump through connecting 
pipes and a filter into the carburetor. Inside 
the carburetor the gasoline is vaporized and 
mixed with the right proportion of air to make 
an explosive mixture. This explosive mixture 
is then drawn into the cylinder on the intake 
stroke. 

The ignition system is a part of the com- 
plex electrical network. The electrical 
system provides the power to start the en- 
gine, to generate the electricity, to store the 
electricity in the battery as chemical energy, 
to supply the power for the electric lights, 
and to furnish the clcctnc current for the 
ignition system. Ignition is the spark which 
explodes the fuel in the cylinder. The 
electrical current supplied by the battery 
and the generator is transmitted by wire to 
the spark coil and then to the distributor. 
Finally from the distributor, the current 
passes through the spark plugs into each 
cylinder. The high voltage necessary far the 
spark is provided by the spark coil. The 
distributor delivers the electrical energy to 
each cylinder at the proper time. 

The cooling system of most automobiles 
uses water. Since the constant explosion of 
gas at more than 3500“ Fahrenheit would 
soon damage the car, circulating water is used 
to keep the surface temperatures as low as 
160“F. The water is moved by a special 
pump through hollow channek (water jackets) 
surrounding the cylinders. From there, the 
heated water circulates to the radiator by con- 
necting hoses. In its passage ihrou^ the 
honeycomb cells of the radiator, it is cooled 
with outside air pulled in by a fan operating 
directly behind the radiator. TTw cooled water 
then recircubtes to the engine’s water jackets. 
THERMOSTATS opco and close the water pas- 
sages so as to keep the water and engine I 
parts at the best operating temperatures. In I 
winter, a mixture of water and an antifreeze J 
is used to pres-ent damage from freezing i 
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The lubricxition system l edu cet ftictioB by 
distributing oil ftom the itaervoir ia die 
crankcase to the bearings, to the cra nksh aft, 
to the pistons, and to the other moving parts. 
The oil pump sends oil throu^ pif** 
these fritrtkui points. The movement of the 
engine parts also flashes oil onto the n*^ 
ing components. A lifter weigh* is toed 
in cc^ weather than is used in summer to 
allow easier eogiiie starting. “AD weath^ 
oils are replacing the older practice of us^ 
a light ofl in colder weather and a heavier 
oD in warm weather. , ^ 

TRANSMISSION 


The en^ power is transmitttd to tha 
lecls throng the rfitfch, the traismim^ 
t drive shaft, and the diSerential. Tto 
rts are called the drive train. Most a w^ 
>baes utilize the rear w he^ « 

eels, birt some Ennveaii motto Bse ^ 

eel drive. A few aotoroobOra have a WW 

cel drive. tiAic 

fhe friclim clutch comiects ifc t*nw 
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Tho« «ho have held their heel againit 
the wheel of a setwter will have an idea of 
the principle of automobile brale*. A metal 
cylinder iv attached In each wheel. Around 
thi* cylinder, a heavy material called the 
r/ioe h held so that it docs not quite touch 
the cylinder. Movement of the brake pedal 
males all of the shoes press against the 
cylinders. The wheels stop, slowly or 
quickly, depending on the amount of pres- 
sure. 

Draking used to depend entirely on me- 
chanical force, but now a hydraulic system is 
used. In addition, many drivers now use 
power brakes. These use engine force to 
supplement the driver’s foot power. 

BODY 

Automobile bodies have undergone many 
changes. Streamlining to wind resistance is 
one of the engineer's chief concerns. Many 
modem steel automobile bodies arc of a 
single body and frame construction known 
as unit construction. Traditionally, auto- 
mobiles have had separate bodies and 

A moilern agio body ti mad* In a ona-ptoco, 
ttrotted iteol unit lo tncreaie itrenglh 
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The autonomic ncntmi i)*iem {$ diviJcd 
Into two parts: the division and 

the paratympaihftlc division. They arc 
hasfcatly alike In cellular structure, consist- 
ing of bead-tike jpunjr/;d which make 
connections with the central nervous system 
and also send out fibers lo various parti of 
the body. Tlicsc fibers leaving the ganglia 
differ from ordinary nervous fibers, for they 
arc not covered with a myfUn sheath. There 
is always a chain of at least two neurons 
between the nerve cord and the end organ. 

IfowTver, the two divisions are located In 
different areas and are opposite in their ac- 
tion. The parasympathetic system is located 
in two parts of the body; in the brain (mid- 
brain and medulla) and in the sacral region 
of the spine. The sympathetic system ex- 
tends along the thoracic and lumbar regions 
of the spinal cord. The ganglia arc arranged 
in pairs on each side of the vertebral 
column. 

The autonomic nervous system functions 
to maintain an internal balance within the 
various organs of the body. Nerve fibers 
from both the sympathetic and parasympa- 
thetic system affect the same organ. They 
are opposite in their effect upon the organ. 
For example, the parasympathetic nerves 
slow the heart beat; the sympathetic sends 
impulses to accelerate it. 7110 parasym- 
pathetic system causes secretion of the 
salivary glands, whereas the sympathetic 
inhibits secretion. Impulses from the 
parasympathetic cause contraction of the 
pnpil of the eye while the sympathetic sends 
impulses to dilate the pupil. The behavior 
of any organ which is controlled by the 
autonomic nervous system is the net result 
of the opposing impulses of the parasympa- 
thetic and the sympathetic divisions. 

The autonomic nervous system releases 
hormones from its nerve endings. The 
ncurohonnoncs of the sympathetic system 
are identical in action with adrenalin and 
parasympathetic nerve endings release acc- 
^Icholine. 

The overall effect of the autonomic 
nervous system and its companion, and ad- 
RENAt GLAND, IS to prepare the body to meet 
situations which present a threat to its nor- 
mal functioning. The sympathetic system 
prepares the body for action; the para- 
sympathetic system saves the resources of 
the body. '*• °- 

SEE also: nerve cell, spinal cord 


Anfolomy (awh-TOTE-uh-mc) Au- 
fotomy is a proce.ss in which an animal 
tiesfroys certain parts of ils body in 
order to escape capture by other ani* 
mals. 


This process is termed seif-mutilation. 
Through the presence of special modifica- 
tions at the base of the appendage or limbs, 
some insects and crustaceans are able to 
drop these appendages off when another 
animal seizes them. Some examples of 
these are the cbws of the crayfisn, the 
arms of a STARFfS/f, and the tails of some 
lizards. 

Autotomy may be followed by regenera- 
tion, which is the process by which some 
animals are able to grow new parts their 
bodies when old parts arc tom off. v. v. N. 
SEE also; animal, CRUSTACEA, INSECTA, 
REGENERATION 

Aotami] see Seasons 
Aotumnal equinox The autumnal 
equinox is the start of autumn. It oc- 
curs about September 22 in the north- 
ern hemisphere. On this date, day and 
Nicirr are of equal len^h and the sun 
is shining at both poles. 

SEE: EQUINOX, SEASONS 

Auxin see Hormones, plant 
Avalanche Mountain sides or slo^g 
cliffs may be covered with snow. When 
the snow is heavy it may begin to 
slide. This sliding snow is called an 
avalanche. Sometimes this sliding 
starts when there is a heavy wind or 
melting. Even small motions can start 
an avalanche. When the slide goes, rt 
may move slowly or as fast as 100 
miles an hour. Sometimes ^^e 
lanche will do great damage. SI dmg 
rocks cod eorth is called a lanishi^ 

An avalahchc will not take place d 

angle ofll-' ’'“'“.Xfstot' 

than 25 degrees, 

35 degrees, occur. Slab 

present, an avalanche IS hkey ^ 

avalanches of wind-packed snow am ^ ^ 
hazardous. 

Aves see Birds 
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t(ont. ThU rc»ult(d in ihc dctipn ond per* 
(cction of ft highly jiicccitful jlidcr in 
1902 ttliich could l»c e.nily conHollcd in 
(light. The Wright hrother^ f)C*t dcs eloped 
a suitable light weight engine and effec- 
tive propeller which were added to their 
glider. Mjthological dreamt became a 
scicminc reality on Pccembcr 17, 1903, at 
Orville Wright made the fint jucccssful 
powered flight of 12 sccondt duration at 
Kitty Hawk, North Carolina. 

WORLD WAR I AVIATION 

The pressure of the First World War 
brought the airplane out of its infancy into 
practical use as a weapon. At first, aerial 
reconnaissance was the primary role of the 
airplane. As the information brought back 
by fl>ing scouts became increasingly 
important to the success of the ground 
armies, the pursuit plane, with machine 
guns, was developed to destroy enemy 
scouts. 

Aerial combat was born as the scout 
airplanes became armed and the aircraft 
battled each other for control of the sky. 
Aircraft were developed to attack enemy 
ground forces with machine guns and 
crude bombs. Large scale efforts to de- 
velop and construct superior aircraft were 
expended by the opposing governments, 
providing the impetus for the establishment 
of a real aircraft manufacturing industry. 


POST WORLD WAR I AVIATION 

At the end of World War I, surplus 
military aircraft were sold to former mili- 
tary pilots and soon “barnstormers" were 
introducing aviation throughout the coun- 
try. Aircraft and engine improvements 
continued. Now speed and altitude rec- 
ords were constantly being set, oceans 
were spanned and round-the-world flights 
accomplished. 

The Atlantic Ocean was conquered in 
1919 by U.S. Navy airmen flying in the 
Curtiss flying boat NC-4. The organizaUon 
of official government committees and serv- 
ices provided a stimulus for the aviation 
industry. A young American, Charles A. 
Lindbergh, electrified the world in 19^ by 
flying solo non-stop between New York 
and Paris. A surge of enthusiasm for fly- 
• followed this feat and brought about 
new support to the infant aviation indust^. 

In the 1930’s the air transport industry 



took root and began to grow. Amray 
facilities became adequate for scheduled 
flight operations. Airlines thcmselres a^ 
vanced from converted military biplanes to 
all-metal, trimotor and twin-engined monr^ 
planes. The famous Ford Tnmotm and 
Douglas D.C. series of airplanes became 
familiar sights to air travelers. 


WORLD WAR n AVIATION 

Aviation made great 
orld War II. The manufactunng indust^ 
i'dS to Voduce over 200.000 
Lierated research made .P®” b ® 
werful engines, new maten^s. 
g« aircraft, new cX 

mieations equipment, and ^ 

:hnological developments whm 

World War If. but did not 
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aviation today 

The aviation ntanafactunng 
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Ariafion 



Bomarc IM99 mlitlU atiambly tin* 


try has grown greatly in the last twen- 
ty years. Production during the war 
reached 50,000 planes a year. This 
was more than the industry had pro- 
duced in its entire history up to the 
war. Today’s manufacture of high per- 
formance aircraft, missiles and re- 
lated space vehicles is a staggering 
undertaking. Tiny, delicate work can 
be done with mass production tech- 
niques. The industry employs numer- 
ous scientists, engineers, and skilled 
technicians to design, test and main- 
tain production. Over 20,000 skills 
are now required by the industry, with 
many new technical career fields 
coming into existence each year. 

The air transport industry con- 
tinued to grow. Almost half of com- 
mercial travel today is by air trans- 
portation. Jet airliners became pos- 
sible in 1959. These giants carry over 
100 passengers at over 600 miles per 
hour, using the advantages of high 
altitude flight. In 1960, 721 y^erican 
cities were served by the airlines. The 
lines carried nearly 58 million passen- 
gers and huge amounts of mail and 


freight. Nearly 170,000 people are 
employed by the airlines today as 
compared with only 13,000 in 1939. 

Airports arc a vlf^ and indispensable 
part of aviation. Today there are about 
7000 airports of alJ types in the United 
Slates. The modem airport must be able 
to provide refueling, maintenance, weather 
and other information pertinent to flight, in 
addition to the numerons other services re- 
quired. Jet airliners now often require 
runways over two miles in length, bunt 
strongly enough to support their heavy 
weight. 

There are many kinds of flying other 
than military and scheduled air transpor- 
tation. They arc business fl 3 nng by private 
firms, professional men, fanners and ranch- 
ers; flight instruction; commercial agricultur- 
al flying; pleasure flying and other mi^l- 
lancous aerial operations. Together, th«c 
activities are called generd ov/arion, whicli 
now operates approximately *3 , ntlf* 
craft and accounts for almost half of aU Ibe 
hours floivn today. 

United States militaiy aviation utitod 
approximately 33,000 aircraft m l^O. Tie 
Air Force is charged with three major nm- 
sions in the defense of the nado^fo d^ 
fend the United States against air att ac^ 
to deliver a counterattack against an aggres- 
sor. and to give support to the army M 
navy in their operations. High I«rfon^ 
jet bombers and fighten as wcU as 
U and ote aln^ “ 
under development to improve the UiA 
capability. Technological advances are aW 
ing the guided and ballistic missiles te the 
Air Force inventory of military 

JVaval aviation has the task of 
and keeping control of the 

of*fleet operations It is t^nsider^d^ 

tactical weapon and part ° 

as the submarines and amp j 

are. Navy combat a>fcraft arc 

operate from j jo withstand 

diUon to being f";j“^f,u_chings and 

the shock of 

arrested landings, f ”, on the 

crafions. 
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GOVERNMENT CONTROL 
AND REGULATION 

The federal government regulates the use 
of the nation’s ail space through two 
agencies: the Federal Aviation Agency 
(FAA), established in 1958 to replace the 
Civil Aeronautics Administration (CAA), 
and the Civil Aeronautics Board (CAB). 
The FAA b responsible for the safety and 
progress of aviation in this country. It 
supervises and controls both civilian and 
military use of the air. Five major bureaus 
of the FAA carry out its various programs. 

The Bureau of Research and Develop- 
meni develops and tests new equipment 
and procedures required for safe and effi- 
cient air traffic control. It recommends 
new regulations to the FAA administrator 
on the basts of these tests. The Bureau of 
Flight Standards estabhshes and enforces 
regulations, and is responsible for certify- 
ing the airworthiness of aircraft and the 
flight competency of pilots, engineers and 
navigators. The Bureau of Air Traffic 
Management has the responsibility of keep^ 
ing aircraft safely separated while operat- 
ing in controlled space on the ground and 
in the air. An extensive system of radak 
and radio communications is employed. 
Flight service through ground-air com- 
munications provides the pilot with en- 
routc flight information such as weather 
briefings. 

The Civil Aeronautics Board was created 
in 1938 and today functions as an inde- 
pendent five-man body responsible for the 
economic regulation of commercial air 
transportation including the awarding of 
routes and establishing air mail rates. 

RESEARCH AND DEVELOPMENT 
The advance of aerospace technology de- 
pends upQw a foundation of tosAmumg 
scientific research and development activi- 
ties. This is a threefold, inter-related ac- 
tivity, consisting of basic research (seeling 
knowledge, not mechanical deuces), ap~ 
plied research (finding uses for the 
knowledge), and development (building' a 
model or developing a technique). 

The urgency to advance inilitary aero- 
space capability has brought about the 
rffianneling of facilities and huge alloca- 
tions of funds into aerospace research and 
development. Technical break-throughs in 



X-15 rocket plane, aircraft with rocket engine 
that broke all speed records in October, 1961 


making available new matenals, air vehidc 
designs, more powerful engines and fuels, 
have resulted m impressive new aircraft 
and missiles. Of prime significance has 
been the growth of the ELECTRONICS m- 
dustry. Miniaturiied computers, electronic 
instruments, communications equipment 
and countless other components have made 
possible remarkable guidance, control and 
operation of highspeed aircraft and missiles. 

Although the initial purpose of the aero- 
space research and development activities 
1$ pnmariiy to satisfy the needs of the 
mihtaty, most of the developments arc 
eventually reflected in some form of civilian 
manufacturing and processing. 

The Natiortal Aeronautics and Space 
Agency (NASA) was formed by the federal 
government to direct this country’s peace- 
ful exploration of air and space. The 
pioneering Mercury man-in-spacc project, 
communications, weather and other satel- 
lites are programs currently being con- 
ducted by NASA. More advanced pro- 
grams, such as the Surveyor project, which 
will explore the surface of the moon, arc 
now under way. The knowledge gained by 
NASA is made available to the aviation in- 
dustry and the military as well as shared 
with the rest of the scientific world. 

AVUTION TOMORROW 

The future of aviation lies in the con- 
stant improvement of means of travel 
through the atmosphere and through the 
SPACE beyond. The growing problems of 
air traffic contnrf and over-crowded air space 
are serious and must be solved by the mir- 
acles of electronics tf flights arc to be made 
in safety, VI thin a decade commerciaJ 
transports are predicted which wifl fly at 
speeds in excess of 2,000 miles per hour, 
automatically controlled by electronic Com- 








Avocado (av-uh-KAH-doh) Avocado 
is an evergreen tree and the fruit that 
^rows on it. It is also called alligator 
pear. It belongs to the laukel family. 
It grows in California, Florida, south- 
ern Mexico and Central America. 



puters, and flying near the fringes of space. 
Aircraft which will climb and descend 
vertically from very small landing areas 
will serve metropolitan areas. 

The desire of the private ciiixcn for per- 
sonal air transportation may also be met 
with new developments which will permit 
safe, fast, light aircraft so share the sky 
with the rising number of high performance 
commercial and military aircraft, r. j. j. 
SEE also: aerodynamics; aeronautics; 

AIRCRAFT; airplane; AIRSHIP; ASTRONAU- 
TICS; FLIGHT, PRINCIPLES OF; INSTRUXIENT 

landing system; instrument panel; jet 
propulsion; rocket ENGINE; SPACE TRAV- 


Thc tree wiD grow to 50 feet tall in the 
wild state. In, orchards, the height is kept 
about 30 feet for ease of harvesting the fruit 
The wood b not sturdy, so avocadocs are not 
planted in regions of strong winds. Since it 
cannot withstand frceiing, its cultivation b 
limited to tropical areas. The leaves arc long, 
maybe up to a foot in length. 

The round or oval rRun can develop up 
to nine inches long and woigh two pouneb. 
The tough skin may be green to black in 
color. The pulp or mesocarp b yellow md 
has a very delicate taste. It b rich in vitamins, 
has a higher percentage of protein than mort 
fruits, and has from 5% to 30% faL ft b 
classified as a one-sceded berry. The fruit 
ripens after it is picked for market. The fruit 
IS injured easily so it b gathered with shears 
or sharp hooks, with opien canvas bags at- 
tached underneath. tr. J. c. 

Avocado 
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